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PREFACE. 


It  is  only  within  the  last  few  decades  that  the  former  empiric 
manufacture  of  volatile  oils  has  been  placed  on  a  scientific  basin,  which 
has  enabled  it  to  develop  into  an  independent  branch  of  chemical 
industry.  Daring  the  period  of  transition  in  which  this  branch  still 
finds  itself,  those  factories  which  hare  done  pioneer  work,  both  scien- 
tifically and  technically,  as  well  as  those  which  use  the  oils  in  various 
manufactures,  are  often  compelled  to  suffer  from  the  competition  of 
inferior  and  adulterated  products.  As  a  matter  of  fact,  the  proper 
understanding  of  the  estimation  and  appreciation  of  quality  and  purity 
of  the  much  used  volatile  oils  in  not  as  common  as  is  desirable  for 
industry,  commerce  and  the  trades.  The  principal  canse  for  this 
condition  is  the  fact  that  the  recent  chemical  investigations  and 
their  application  to  the  arts  have  not  yet  been  generally  offered  in 
suitable  form. 

The  want  of  a  work  which  from  a  modern  standpoint  treats  in  an 
exhaustive  and  critical  manner  the  entire  subject  of  volatile  oils,  has 
caused  the  firm  of  Schimmel  &.  Co.  of  Leipzig  to  commission  the 
authors  with  the  preparation  of  a  treatise  that  would  meet  the  present 
demands.  The  successful  completion  of  this  task  was  greatly  facilitated 
by  having  placed  at  their  disposal  the  observation  records  of  many 
years  of  manufacturing  on  a  large  scale. 

Special  stress  has  been  laid  on  the  description  of  properties  and 
on  tried  methods  of  testing  the  commercially  more  important  oils. 
Thus  the  consumer  is  placed  in  a  position  to  distinguish  pure  from 
adulterated  oils,  good  oils  from  those  of  inferior  quality.  Inasmuch  as 
rational  methods  of  examination  are  dependent  on  a  knowledge  of  the 
physical  properties  and  chemical  composition  of  the  oils,  it  became 
necessary  to  thoroughly  discnss  the  results  of  the  scientific  investigations 
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of,  the  subject.  Those  investigations,  however,  that  cannot  claim 
permanent  value  as  well  as  antiquated  methods,  such  as  color 
reactions,  etc.,  have  not  been  included. 

Fully  realizing  the  importance  of  an  historical  basis  for  such  a 
work,  this  has  received  special  attention.  Detailed  references  to  the 
original  sources  enable  the  reader  to  make  farther  investigations  in  this 
direction. 

Although  the  object  and  aim  of  this  book  are  primarily  of  a 
practical  nature,  the  authors  venture  to  hope  that  it  also  offers  to  the 
scientific  investigator  a  complete  summary,  witb  numerous  references  to 
original  literature,  of  everything  that  has  been  accomplished  in  this  line. 

The  authors  acknowledge  with  thanks  the  cooperation  of  Dr.  C. 
von  Rechenberg  who  wrote  :the  chapter  "Theoretical  foundation  for  the 
preparation  of  volatile  oils  by  steam  distillation ;"  also  of  Dr.  J.  Helle 
who  contributed  "The  more  common  constituents  of  volatile  oils;" 
finally  that  of  Dr.  J.  Bertram  who  kindly  assisted  in  reading  proof  and 
who  repeatedly  made  valuable  suggestions. 

With  regard  to  the  share  in  the  work  by  the  two  authors  whose 
names  appear  on  the  title  page:  the  "Historical  introduction,"  also 
everything  that  pertains  to  the  history  of  the  volatile  oils  and  the 
crude  materials,  as  well  as  the  description  of  the  methods  of  production 
of  the  American  products,  and  in  part  the  statements  regarding  origin 
and  production  of  the  drugs,  are  from  the  pen  of  Dr.  Friedrich 
Hoffmann;  the  entire  chemical  text  and  those  parts  not  specially 
enumerated  have  been  written  by  Dr.  Eduard  G-ildemeister. 

Leipzig  and  Berlin,  June  1899. 
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In  the  work  of  Doctors  Gildemeieter  and  Hoffmann  we  And  a  happy 
blending  of  history  with  chemical  science  and  technology  that  is  quite 
unique  in  modern  chemical  literature.  Moreover  it  covers  a  chapter  cf 
organic  chemistry  of  which  Professor  Emil  Fischer  of  Berlin  recently 
remarked  that  it  had  undergone  more  rapid  development  within  the 
past  fifteen  years  than  any  other, 

The  translation  of  such  a  work  should  indeed  prove  of  value.  To 
make  such  a  translation  and  to  take  cognizance  of  the  numerous  con- 
tributions on  volatile  oils  and  related  subjects  that  have  appeared  since 
the  original  German  edition  was  issued  a  year  ago,  has  proved  a  severe 
task  for  one  whose  time  was  already  divided  between  instructional  duties 
and  editorial  labors.  In  judging  the  English  edition,  it  is  hoped  that 
the  limitations  as  to  time  and  the  difficulties  encountered  will  be  taken 
into  consideration. 

Owing  to  the  impossibility  of  satisfactorily  translating  many  of  the 
numerous  quotations  in  the  historical  introduction,  chapters  two  and 
three  have  been  condensed.  Inasmuch  as  but  very  few  if  any  readers 
are  in  position  to  consult  the  numerous  historical  works  quoted  by 
Dr.  Hoffmann,  all  bibliographic  information  has  been  placed  in  an 
appendix. 

To  the 'special  part  a  few  oils  were  added,  and  changes  rendered 
necessary  by  recent  investigations  were  made  as  far  as  time  permitted. 

The  writer  desires  to  acknowledge  with  thanks  his  indebtedness  to 
Mr.  Carl  Fritzsehe  and  to  Dr.  Hoffmann  for  suggestions,  as  to  the 
scope  of  the  translation  and  as  to  minor  details.  Mr.  0.  Schreiner  has 
assisted  in  the  translation  and  proof  reading  and  Dr.  C.  Kleber  of 
Garfield,  N.  J.,  has  kindly  read  one  proof.  His  long  experience  as 
chemical  expert  on  the  subject  of  volatile  oils  rendered  his  cooperation 
especially  valuable. 

EDWARD  KREMERS. 

Madibon,  Wis.,  July  1900. 
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THE   SPICE-TRADE    IN    ANTIQUITY   AND    DURING    THE 
MIDDLE  AGES. 

(With  two  maps.) 


Parte  of  plants  an  well  as  natural  plant  products  which  have  been 
used  since  antiquity  on  account  of  their  agreeable  odor,  their  pleasant 
taste,  or  their  medicinal  virtue,  enter  the  world's  commerce  up  to  the 
present  time  in  their  original  form,  being  either  previously  dried  or 
prepared  in  some  other  expedient  manner.  The  essential  constituents 
of  these  crude  materials  (drugs),  the'aromatic  volatile  oik,  the  resins, 
gum  resins,  bitter  principles,  alkaloids  and  glucosides,  have  been  recog- 
nized in  the  course  of  development  of  the  natural  sciences.  With  the 
improvements  in  technology  they  have  gradually  been  prepared  in  a 
purer  and  better  condition. 

Of  these  various  products  of  the  plant  world,  the  spices  and  aro- 
matics  have  from  the  very  beginning  ministered  to  the  needs  and  well- 
fare  of  man,  and  have,  therefore,  been  appreciated  by  him  in  a  special 
degree.  As  a  result,  they  have  always  been  a  prominent  and  influential 
factor  in  the  intercourse  of  nations  as  well  as  in  the  world's  commerce. 
After  several  thousand  years  of  knowledge  and  actual  use  of  the  spices 
in  their  original  form,  their  essential  constituents,  the  volatile  oils,  have 
since  the  middle  ages  and  more  particularly  in  modern  times  been 
successfully  isolated  in  their  natural  freshness  and  entire  efficiency. 

In  a  treatise  on  volatile  oils,  a  brief  historical  retrospect  of  the 
origin  of  and  commerce  in  the  bearers  of  these  products,  vis.  the  spices 
and  aromatics,  may  be  regarded  as  eminently  proper.  This  all  the 
more,  since  in  this  branch  of  knowledge  as  well  as  in  others  the 
historical  element  constitutes  a  valuable  basis  for  a  proper  under- 
standing and  investigation. 
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4  Historical  Introduction. 

All  investigation  in  the  realm  of  the  history  of  civilization,  that 
considers  not  merely  a  single  people  but  mankind  in  general,  and  that 
goes  back  to  the  earliest  historic  documents,  invariably  leads  to  the 
wonderful  orient  so  rich  in  legends — to  central  Asia,  the  traditional 
cradle  of  mankind.  This  is  also  true  of  the  history  of  the  trade  of  the 
oldest  peoples,  and  especially  of  the  source  and  distribution  of  the  use- 
ful spices  and  aromatics. 

Its  geographical  position  and  topographical  configuration  make 
Asia  a  very  highly  favored  continent.  Broad  as  it  is,  it  extends  from 
pole  to  equator.  Favored  by  mighty  mountain  chains  and  rivers,  its 
most  beautiful  and  richest  countries  lie  in  latitudes  where  soil  and 
climate  afford  all  conditions  for  a  profusion  of  luxuriant  subtropical 
vegetation.  The  eastern  and  southern  coastlands  are  cleft  by  large 
bays  which  penetrate  far  inland.  Many  navigable  rivers  which  flow  into 
these  bays  have  their  origin  in  distant  highlands.  The  mainland  is 
bordered  by  a  wreath  of  islands  extending  from  the  Japanese  island 
realm  through  the  Malay  archipelago  to  Ceylon.  These  islands  abound 
in  tropical  vegetation.  The  entire  continent,  therefore,  reveals  a 
diversity  and  richness  of  plant  life  such  as  no  other  possesses. 

These  advantages  have  made  southern  Asia  and  the  islands 
bordering  on  its  shore  the  oldest  and  principal  scene  of  international 
traffic  and  commerce,  spices  and  aromatics  constituting  the  main 
articles  of  exchange.  They  not  only  found  general  use  on  account  of 
their  agreeable  odor  and  aromatic  taste,  but  were  employed  by  most 
peoples  in  religious  rites  and  sacrificial  customs,  and  thus  acquired 
symbolic  meaning.  With  the  increase  of  prosperity  and  luxury,  also 
with  the  development  of  the  sense  of  cleanliness  and  of  physical  well- 
being,  spices  and  aromatics  not  only  became  more  valuable,  but  their 
consumption  increased. 

According  to  documents  discovered  in  recent  years,  the  territory 
between  the  Indus  and  the  Oxus  was  the  starting  point  of  the  early 
commerce  between  the  oldest  peoples  of  central  and  southern  Asia. 
Attock,  Cabura,  Bactra  and  Maracanda  seem  to  have  been  the  first 
larger  centres  for  storage  and  exchange  of  oriental  products.  These 
were  spices  and  aromatics,  the  noble  metals,  silk,  and  jewelry.  To 
Attock  were  brought  the  products  of  tlie  eastern  Chinese  empire,  which, 
at  an  early  date,  closed  its  markets  to  the  rest  of  the  world. 

From  Attock,  at  the  junction  of  the  Kabul  river  with  the  Indus, 
the  caravan  road  led  via  Cabura  (the  present  capital  Kabul  of 
Afghanistan)   to    the    north    via    Bactra,    Bokhara    and    Maracanda 
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(Samarkand)  to  the  countries  of  the  Oxus  and  to  the  Scythian  tribes. 
Alao  from  Cabura  southward  to  Kandahar,  thence  in  a  western  direction 
through  the  realm  of  the  Parthians  to  the  Pjl&e  Ca&pi&e  (Caspian 
gate),  and  to  Ecbatana  in  Media.  Thence  the  land  route  crossed  the 
Tigris  to  Babylon  on  the  Euphrates.  In  a  later  period,  alter  the  traffic 
along  the  water  routes  had  developed,  a  round-about  way  via  Susa  to 
the  mouth  of  the  Tigris  was  taken  and  the  caravan  freight  shipped  up 
the  Euphrates  to  Babylon.  Between  Attock  and  the  ports  on  the  Black 
and  Mediterranean  seas,  Babylon— existing  3000  years  B.  C.  —  was  in 
early  antiquity  the  most  important  place  of  traffic  and  commerce  for 
westward  bound  Chinese  and  Indian  merchandise.  To  the  northward 
the  caravan  roads  led  out  of  Babylon  through  Assyria  and  Armenia 
to  the  Black  sea  (Pontns  Eusinua)  and  westward  through  Syria  to 
the  Mediterranean  sea  (Mare  Internum),  thence  through  Palestine  to 
Egypt.  In  spite  of  their  highly  developed  industry  the  Egyptians,  as 
is  well  known,  closed  their  doors  to  foreign  peoples  as  did  the  Chinese. 
As  a  result  commercial  centres  were  wanting  in  Egypt  that  were  open 
to  foreign  merchants  and  to  transitory  commerce. 

During  the  prime  of  the  Babylonian  empire,  about  2000  to 
1000  B.  C,  a  lively  caravan  trade  was  developed  which  extended  from 
China,  India  and  Arabia  to  Egypt,  Palestine,  Syria  and  the  Black  sea. 

During  this  period.  Arabia  acquired  a  special  importance  by  means 
of  the  sea  traffic  of  her  southern  coast,  which  was  favored  by  the 
Persian  gulf  and  the  Red  sea.  At  an  early  date,  the  Arabian  population 
conducted  a  lively  intermediate  trade  with  Indian  and  Egyptian  goods 
which  were  brought  to  the  Arabian  ports.  By  means  of  caravans  these 
were  carried  northward  to  Babylonia,  Syria  and  other  countries.  The 
principal  route  from  southwestern  Arabia  to  Babylon,  Damascus  and 
Egypt  led  from  Cane  on  the  Arabian  gulf  (Erythraean  sea)  via  Saba, 
Macoraba,  Hippos  and  Onne  to  Elath  (the  present  Akabah)  at  the 
north-eastern  end  of  the  Bed  sea.  From  this  point  the  eastern  route 
crossed  the  Jordan  via  Petra,  Kir  Moab,  Ammonitis  and  Dan  to 
Damascus;  the  western  route  to  Egypt  via  Azab,  Axomis  and  Meroe. 

About  15  centuries  before  the  Christian  era,  the  world's  commerce 
was  gradually  and.  in  the  course  of  time,  very  greatly  expanded  by  the 
Phoenicians,  who  lived  on  the  narrow  Syrian  coast  district.  In  the 
industrial  and  commercial  field  they  acquired  a  prominent  position ;  as 
mariners,  however,  a  dominating  position  among  the  nations  of  their 
time.  Besides  having  practical  control  of  sea  navigation,  the  Phoeni- 
cians   were    the    first   extensive    and   successful   colonizing  nation    of 
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antiquity.  They  established  or  extended  commerce  with  the  peoples 
living  along  the  coast  of  the  Mediterranean,  they  ventured  through  the 
"Pillars  of  Hercules"  (Gibraltar)  into  the  ocean  and  made  accessible 
the  products  of  the  Madeira  and  Canary  islands,  the  western  coasts  of 
Spain  and  France,  the  British  islands,  and  the  northland  as  far  as  the 
amber  coasts  of  the  Baltic  sea. 

For  almost  a  thousand  years,  during  which  time  they  held  their 
prominent  position  in  marine  traffic,  the  Phoenicians  were  the  principal 
commercial  agents  between  the  nations  of  the  orient  and  the  Occident? 
Sidon  and,  since  the  ninth  century  B.  C,  Tyre  liecame  prominent  centres 
of  the  world's  commerce  of  that  time.  *)' 

The  Phoenicians  also  extended  their  navigation  to  the  Red  sea  and 
the  Arabian  gulf  and  from  these  to  the  Persian  gulf.  In  the  latter  they 
established  the  colonies  on  Aradns  and  Tylos,  islands  belonging  to  the 
present  Bahrein  group.  From  the  twelfth  century  up  to  their  decline  in 
the  fifth  century  B.  C,  these  cities  carried  on  a  large  transit-trade  with 
goods  from  India  and  Ceylon  to  Babylon,  Damascus,  Tyre  and  Sidon, 
and  to  Egypt.  A  caravan  route  led  from  Qerra  via  Salma,  Thaema 
and  Madiana  to  Elath.  From  Elath  the  older  routes  to  the  north,  to 
Damascus,  Tyre  and  Sidon  were  followed,  also  westward  to  Egypt. 
To  Babylon,  on  the  other  hand,  the  water  route  up  the  Euphrates  or 
Tigris  was  taken  from  Arados  and  Tylos. 

Carthage,  a  Phoenician  colony  established  in  HiG  B.  C,  soon 
flourished  and  developed  such  power  that  it  became  the  greatest  rival 
of  the  mother  country  in  the  following  century. 

Owing  to  the  rise  of  the  Persian  empire,  the  inland  commerce  of 
western  Asia  was  somewhat  shifted  during  the  period  from  the  sixth  to 
the  fourth  century  B.  C.  The  old  routes  of  traffic  passing  through 
countries  controlled  by  the  Persians  were  not  only  kept  in  good 
condition  but  extensions  were  also  made.  These  old  highways  of  trans- 
continental commerce  underwent  further  changes  at  the  time  of  the 
Greek  conquests  under  Alexander  the  Great  at  the  close  of  the  fourth 
century  B.  C.  Still  greater,  however,  were  the  changes  brought  about 
by  the  migration  of  nations  during  the. fourth  aud  fifth  centuries  of  the 
Christian  era.  Wars  and  other  disturbances  of  the  commercial  inter- 
course along  the  old  caravan  routes  frequently  restricted  traffic  to  the 

I)  Aa  Hh  well  known,  the  PhoeDfcla.il*  (Applied  King  Solomon  with  the  material 
for  the  building  of  the  temple  at  Jerusalem  about  10U0  H.  C.  (1.  King*,  S:  9—10; 
also  4i.  Cbron..  2:   H,  9;    Bieklel,  ST.) 
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rivers  and  seas.  Upon  the  reestablish  meiit  of  peace,  however,  commerce 
always  seems  to  have  found  its  way  back  to  the  traditional  caravan 
routes. 

In  the  course  of  time,  however,  and  especially  during  the  sixth  and 
seventh  centuries  still  other  changes  were  made.  Thus,  e.  g.  the  products 
of  the  Chinese  and  Indian  coast  districts  and  of  the  Indian  islands  were 
brought  in  part  by  ship  over  the  Bay  of  Bengal  and  by  way  of  Ceylon 
to  the  commercial  centres  of  the  Persian  gulf  and  the  Red  sea.  From 
these  they  were  distributed  by  coast-wise  trade,  by  river  navigation  up 
the  Tigris  and  Euphrates,  or  by  caravan  to  the  north  and  west. 
From  the  more  northern  Chinese  and  Indian  districts  the  caravans 
passed  through  the  present  East-Turkestan  following  the  older  routes 
mentioned  on  p.  8  through  the  countries  of  the  Oxus  to  the  Araxes. 
The  goods,  instead  of  being  carried  by  river  to  Phasis  and  the  Black 
sea,  were  taken  as  far  as  Artaxata  and  then  by  caravan  through 
Persia  to  the  ports  of  Asia  Minor.  The  old  route  from  Kandahar 
along  the  northern  border  of  the  Iranian  plateau,  which  likewise  led 
through  Persian  territory,  was  also  followed  by  caravans. 

During  the  reign  of  the  East  Roman  emperor  Justinian,  in  the  sixth 
century,  when  the  world  empire  of  the  Romans  was  broken  up  by  the 
migration  of  nations,  Persia  experienced  a  new  rise  to  power  under  the 
Sassartida?.  The  Persians  ruled  the  entire  territory  from  the  Caspian  to 
the  Arabian  seas  and  from  Afghanistan  of  to-day  to  Syria  and  Armenia. 
They  improved  the  old  high-ways  and  caravansaries,  kept  them  in 
repair  and  promoted  commerce  and  traffic,  directing  both  over  routes 
leading  through  their  own  territory.  Owing  to  the  wealth  and  luxury  of 
the  Roman  empire,  the  commerce  in  oriental  spices,  aromatics  etc.  had 
risen  to  an  unusual  height.  The  East  Roman  empire  which  at  that 
time  was  the  principal  western  state  with  its  capital  at  Constantinople, 
wan  forced  by  the  Persians  to  procure  such  oriental  goods  as  were  not 
shipped  by  water,  from  and  through  Persia  and  to  pay  a  heavy  duty 
on  them.  The  principal  placeB  of  storage  and  for  the  collection  of 
revenue  at  that  time  were  Artaxata  on  the  Araxes,  Nisi  bis,  south  of  the 
Tigris,  and  Callinicum  (Rakka)  on  the  Euphrates.  To  Artaxata  were 
brought  the  goods  from  the  countries  of  the  Oxus  over  the  Caspian  sea. 
Those  that  were  conveyed  along  the  caravan  routes  south  of  the  Caspian 
sea,  and  those  that  came  from  the  coastlauds  of  the  Persian  bay  up 
the  Tigris  or  Euphrates  centered  at  Nisibis.  For  nearly  five  centuries, 
the  aromatics  of  China  and  India,  of  the  Malayan  archipelago  which 
came  via  Ceylon,  and  in  part  those  of  Arabia  were  transported  over 
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the  two  last  mentioned  routes  to  the  western  countries.  About  this 
time  also,  the  levant  commerce,  which  became  so  important  in  a  future 
period,  had  its  beginning. 

During  the  life  of  the  Persian  empire  (up  to  the  middle  of  the  seventh 
century  A.  D.)  all  attempts,  made  by  Justinian  and  his  successors,  to 
divert  the  transmarine  commerce  from  its  course  through  Persian 
territory  remained  unsuccessful.  They  did  not  even  succeed  in  opening 
up  marine  traffic  between  India  and  Ethiopia,  because  Persian  merchants 
visited  the  Indian  markets  and  persuaded  the  Indians  and  Chinese  not 
to  sell  their  goods  to  new  customers.  In  the  course  of  time,  however, 
the  Greeks  succeeded  in  obtaining  larger  consignments  by  water  from 
the  ports  Of  India  and*  Ceylon  and  more  particularly  from  the  coast- 
lands  of  the  Arabian  sea,  which  were  rich  in  spices.  These  were  delivered 
directly  to  their  own  ports,  Kolsum,  and  Akabah  and  Berenice  near 
the  entrance  to  the  Red  sea. 

About  this  time  there  existed  three  great  caravan  routes  from 
China  westward.  They  began  in  the  territory  of  the  Hoang  Ho  and  the 
Yangtsekiaog  and  passed  through  the  Gobi  desert.  The  northern  route 
then  took  its  course  through  the  oasis  of  Chami,  then  northward  along 
the  Thian-Shan  mountains  through  the  present  Dsungarai,  past  the 
Balkash  sea,  and  via  Talas.  It  then  followed  the  Syr-Darya  river  to 
the  Aral  sea  and  the  Caspian  sea. 

The  middle  route  passed  to  the  south  of  the  Thian-Shan  mountains 
through  the  northern  part  of  East  Turkestan  via  Chami,  Turfan, 
Karaschar,  Kutscha,  and  Akmi  to  Kashgar;  thence  over  the  Terek  pass 
to  Ferghana  via  Samarkand,  Buchara  and  Merw  to  Persia. 

From  the  Gobi  desert,  the  southern  route  passed  through  the 
southern  part  of  East  Turkestan  via  Chotan  and  Yarkand,  then  over 
the  Pamir  plateau  and  through  Afghanistan  to  the  Pandschab  (India) 
crossing  the  Bamian  and  Gazna  passes  to  Multan.  Goods  intended  for 
the  west,  coming  via  this  route,  were  taken  down  the  Indus  river  to 
Daybal.  From  this  port  they  were  shipped  by  sea  with  other  goods 
from  India  and  Ceylon. 

During  the  seventh  and  eighth  centuries  A.  D.  the  Arabs  carried  on 
an  extensive  marine  commerce  with  India  and  China,  especially  in  spices 
and  aromatics.  These  were  supplied  in  large  quantities  to  the  luxurious 
courts  of  the  caliphs  and  the  Bysantine  emperors.  The  principal  centres 
between  China  and  Arabia  were  at  that  time  on  the  Malay  peninsula, 
to  which  were  also  brought  the  product*  of  Java  and  other  Sunda 
islands.    Later  commerce  concentrated  itself  in  Kftlah,  a  city  on  the 
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east  shore  of  the  Malay  peninsula.  In  the  tenth  century  there  existed 
between  Kalah  and  Siraf,  a  city  on  the  east  coast  of  the  Persian  gulf, 
regular  commercial  intercourse  between  the  Arabians  and  Chinese. 
From  the  northern  point  of  Sumatra  tbe  Chinese  crossed  the  bay  of 
Bengal  to  Ceylon. 

Arabian  merchants  also  settled  along  the  Malabar  coast,  in  Ceylon 
and  in  the  Indian  sea  ports.  From  the  eighth  to  the  tenth  century, 
Daybal  at  the  mouth  of  the  Indus  was  the  most  important  commercial 
centre  and  seaport  of  India.  It  was  the  principal  emporium  for  the 
products  of  the  Indus  valley  and  tbe  Pandschab  on  the  one  side  and  of 
Mesopotamia.  Persia  and  Arabia  on  the  other.  For -tbe  products  of 
northern  India,  Multan  on  the  Dschelam  river  in  the  Pandschab,  was 
the  first  larger  rallying  point.  It  was  also  a  place  of  pilgrimage  that 
was  much  revered  and  visited  by  the  Hindoos. 

From  the  eighth  century  on,  Suhar  and  Muscat,  near  the  entrance  of 
the  Persian  bay,  developed  as  rival  ports  for  Indian  and  Chinese 
commerce  with  occidental  countries.  At  the  same  time  Aden,  at  the 
entrance  to  the  Red  sea,  became  the  principal  port  and  commercial 
centre  for  the  products  from  Yemen,  Hedsjaz,  Ethiopia  and  Egypt. 

In  addition  there  were  caravan  routes:  one  from  India  to  Persia 
through  Beistan ;  the  other  via  Gazna  and  Kabul  to  Afghanistan. 

Seti  I.  and  Rameses  II.,  Egyptian  pharaohs,  had  during  tbe  first 
quarter  of  the  fourteenth  century  B,  C.  connected  the  Red  sea  with  the 
Mediterranean  sea.  In  order  to  reestablish  this  sea-route,  Pharaoh  Necho 
toward  the  end  of  the  seventh  century  B.  C.  tried  to  have  a  new  canal 
constructed  from  Bu  bast  in  on  the  Nile  to  Patumos  on  the  Red  sea. 
This  was  not  completed,  however,  until  500  B.  C.  by  Darius  Hystaspes 
and  was  widened  and  Improved  by  the  Ptolemies.  Before  the  beginning 
of  tbe  Christian  era  it  was  again  choked  up  with  sand.  Under  the  caliph 
Omar  in  the  seventh  century  A.  D.  the  canal  from  Cairo  to  the  Red  sea 
was  again  restored,  but  did  not  exist  longer  than  a  century. 

From  the  seventh  to  the  twelfth  century  there  also  existed  several  land 
routes  across  the  Suez  isthmus.  One  of  these  followed  the  course  of  the 
old  canal  (choked  up  with  sand)  from  the  Red  sea  to  Cairo,  whence  the 
goods  were  shipped  down  tbe  Nile  and  then  by  sea.  If  the  passage  of 
the  goods  through  Alexandria  was  not  necessary,  the  shorter  route  over 
the  isthmus  from  Kolsum  to  Pelusium  (Faramiah)  was  preferred.  At  this 
time  Damascus  and  Jerusalem  were  also  important  commercial  centres. 
Here  also  oriental  goods  were  exchanged  by  the  merchants  of  Mecca  on 
the  one  hand  and  those  of  Tripoli,  Beirut,  Tyre  and  Acre  on  the  other. 


byGoogle 


10  Historical  Introduction. 

From  the  seventh  to  the  twelfth  century  there  existed  an  active  coast- 
wise trade  along;  the  north  African  coast,  having  ita  centres  in  Syria  and 
Egypt  and  extending  as  far  as  Morrocco  and  Spain.  This  commerce 
acquired  a  special  importance  for  spices  and  aromatics  although  for  a 
time  it  was  limited  by  Mohammedan  laws  against  intercourse  with 
Christians.  Commerce  also  soon  flourished  among  the  Greeks,  who 
obtained  spices  and  aromatics,  possibly  also  rose  water  and  aromatized 
fatty  oils  from  Antioch,  Alexandria  and  Trapezunt  and  brought  them 
to  Constantinople,  Thessalionica  and  Cherson.  Already  in  the  tenth 
century  Trapezunt  was  an  important  emporium  for  the  spices  and 
aromatics  of  India  and  Arabia  and  for  Persian  perfumes.  The  Greeks, 
however,  purchased  these  luxuries  only  for  home  consumption,  which 
was  large,  without  distributing  them  farther  to  other  nations. 

From  the  tenth  to  the  fifteenth  centuries,  the  commerce  of  the 
Mediterranean  was  conducted  principally  by  Italian  cities.  In  the  tenth 
and  eleventh  centuries  Bari,  Salerno,  Naples,  Gaeta,  and  above  all  Amain, 
Pisa  and  Venice  were  the  principal  commercial  centres.  The  levant 
commerce,  which  was  in  its  prime  from  the  twelfth  to  the  fifteenth 
century  centered  in  Venice  and  Genoa.  In  the  levant  itself,  at  the  time 
of  the  crusades  during  the  twelfth  and  thirteenth  centuries,  Acre  on  the 
Palestine  coast  was  the  most  important  commercial  port.  When  this 
city,  the  last  held  by  the  Christians,  likewise  fell  into  the  hands  of  the 
Mohammedans  in  1291,  Famagusta  on  Cyprus,  and,  for  a  longer  period, 
Lajazza  on  the  bay  of  Alexandretta,  became  the  commercial  centres  of 
the  Levant  up  to  the  fifteenth  century.  The  latter  port  was  the  junction 
for  the  western  merchants  with  those  coming  from  Asia, 

Toward  the  end  of  the  thirteenth  century,  the  cities  of  Bagdad  and 
Basra  on  the  Euphrates,  lost  their  commercial  supremacy  which  they 
held  for  several  centuries  to  Tebriz,  the  new  rising  capital  of  Persia  near 
the  Caspian  sea.  When  Egypt  in  the  thirteenth  and  fourteenth  centuries 
began  to  levy  a  high  toll  on  the  finer  Indian  spices  and  aromatics,  the 
land  transportation  was  deviated  more  and  more  through  Persia  via 
Bagdad  and  Tebriz  to  Lajazzo  aud  Trapezunt. 

During  the  fourteenth  century,  the  island  port  Ormuz  in  the  Persian 
gulf  became  an  emporium  for  the  westward  bound  goods  from  India  and 
Ceylon.  It  maintained  this  position  until  its  capture  by  the  Portugese 
at  the  beginning  of  the  sixteenth  century.  The  more  important  ports 
along  the  western  coast  of  India  at  that  time  were  Mangalore,  Calicut 
and  Quilon.  Ginger,  ciunamon,  cardamoms,  pepper,  cloves,  nutmegs, 
sandalwood,    lignaloes,    indigo,    etc..    were    brought    to    these    ports 


»,  Google 


„i,«Kn, Google 


»,  Google 


The  Spice-Trade  in  Antiquity  and  Daring  the  Middle  Ages.  11 

from  the  interior.  Prom  the  Chinese  ports  and  the  East  Indian 
islands  large  importations  of  these  and  other  spices  and  aromatics 
were  received. 

Toward  the  close  of  the  thirteenth  and  at  the  beginning  of  the 
fourteenth  century  the  direct  traffic  between  Europe  and  China  became 
very  active,  more  particularly  over  the  land  route.  Under  the  protection 
of  the  Mongols  the  caravan  routes  through  central  Asia  were  generally 
safe.  The  greater  part  of  the  Chinese  empire  was  also  accessible  to 
Europeans.  About  this  time  also  Marco  Polo,  the  first  European 
world-traveler,  visited  China,  India  and  the  islands  of  the  Indian 
ocean. 

Owing  to  disturbances  and  invasions  of  central  Asia,  the  overland 
traffic  diminished  after  the  middle  of  the  fourteenth  century.  Up  to  the 
discovery  of  the  sea  route  around  Africa  at  the  close  of  the  fifteenth 
century,  Tebriz,  however,  remained  an  important  centre  for  transitory 
trade.  The  capture  of  Constantinople  by  the  Turks  in  1453  enabled 
them  to  interrupt  the  trade  of  the  Italians  via  Trapezunt  and  the 
Crimea  and  soon  to  cat  it  off  altogether. ,  Cyprus  also  lost  its  former 
importance  for  the  levant  trade  about  this  time. 

Egyptian  commerce,  however,  once  more  increased  considerably 
toward  the  close  of  the  fourteenth  and  in  the  course  of  the  fifteenth 
century.  In  place  of  Aden,  Dschidda,  the  sea-port  of  Mecca,  became  the 
principal  junction  of  commerce  between  the  Indian  seas  and  the  Occident. 
The  heavier  goods  were  transported  by  water,  the  lighter  by  pilgrim 
caravans  to  Tor  on  the  Sinai  peninsula.  The  high  toll  levied  by  the 
Egyptians  caused  some  of  this  trade  to  be  deviated  for  the  time  being 
to  Syria.  Owing  to  the  occupation  of  Lajazso  by  the  Turks  in  1347, 
and  the  conquest  of  the  Crimea  in  the  fifteenth  century,  this  traffic 
became  very  prosperous  for  a  short  time. 

Thus  in  the  course  of  several  thousand  years,  the  commercial 
intercourse  between  the  nations  of  Asia,  later  also  those  of  Africa,  aud 
of  Europe  underwent  a  variety  of  changes  as  did  also  the  various 
routes  of  traffic.  The  circumnavigation  of  Africa  by  the  Portugese  in 
1498,  their  conquest  of  Ortuuz,  the  key  to  the  Persian  gulf,  and  their 
extended  marine  traffic  brought  about  important  changes  in  the 
traditional  channels  of  traffic.  The  transport  by  means  of  caravans 
was  gradually  diminished ;  the  highways,  formerly  well  kept,  got  out 
of  repair,  the  ocean  ship  displaced  the  "ship  of  the  desert,"  the  camel 
of  the  c 
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From  the  sixteenth  century  on,  the  ocean  became  the  preferred  high- 
way of  international  commerce.  Hence  the  levant  commerce,  which  had 
flourished  for  several  centuries  and  had  enriched  the  commercial  centres 
of  Italy  and  of  other  Mediterranean  countries,  lost  its  importance  and 
finally  ceased. 

Numerous  ruins  of  architecturally  magnificent  structures  in  cities 
once  large  and  powerful  and  in  fortified  market**,  well  built  high-ways 
covered  with  the  sand  and  alluvium  of  centuries,  also  caravansaries  on 
the  plateau  and  desert  lands  of  western  Asia  and  the  Arabian  peninsula 
reveal  to  these  after-days  the  former  greatness,  the  artistic  skill  and 
the  commercial  prosperity  of  peoples  who  still  live  in  history  but 
principally  in  name  only. 

The  spices  and  aromatic*  of  southern  Asia  and  the  Asiatic  islands, 
which  constituted  the  first  foundation  of  international  commerce  and 
which  have  played  an  important  role  in  the  commerce  of  all  ages,  have 
retained  their  original  value  in  spite  of  all  changes  in  the  world's  history 
and  in  spite  of  all  mismanagement  and  waste  on  the  part  of  foreign 
nations.  The  same  spicy  cinnamon,  cloves,  nutmegs  and  cardamoms, 
pepper  and  ginger  and  other  spices  need  and  highly  appreciated 
since  antiquity;  frankincense  and  myrrh,  benzoin  and  other  incenses, 
camphor,  sandalwood  and  lignaloes  and  other  plant  products  acquiring 
use  in  ever  increasing  numbers  thrive  after  thonsands  of  years  in  the 
sunny  countries  and  islands  of  the  orient  in  the  primitive  freshness  and 
profusion. 

However,  they  are  no  longer  brought  to  the  Occident  on  the  backs 
of  camels  stretched  out  into  almost  endless  chains  over  the  plateaus 
and  deserts  of  Asia,  but  in  trim  sailing  vessels  and  speedy  steamships 
crossing  the  ocean;  or  they  are  transported  in  freight  cars  that  hasten 
over  steel  tracks  encircling  the  continents.  They  are  used  either  in  their 
original  state,  or  in  a  concentrated  form,  purified  as  it  were  by  the 
giant  stills  of  modern  chemical  industry.  They  still  serve  man  in  the 
humble  hut  as  well  as  in  the  palace. 
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In  the  course  of  centuries  various  more  or  less  independent  branches 
have  separated  from  the  common  trunk  of  natural  science  and  have 
made  a  hietory  of  their  own.  This  is  true  also  of  the  subject  presented 
in  this  treatise.  To  be  sure  a  true  knowledge  and  application  of  those 
plant  products,  which  are  termed  volatile  oils,  has  been  gained  only  in 
recent  periods.  Nevertheless  the  nature  and  value  of  these  substances, 
that  so  materially  enhance  the  attractiveness  of  plant  life,  does  not 
appear  to  have  escaped  the  observation  of  the  oldest  peoples.  It  seems 
almost  certain  that  not  only  the  grace  and  vivid  coloring  of  the  flowers 
but  also  the  fragrance  of  the  vegetation  in  southern  Asia  and  the 
islands  encircling  the  mainland,  must  have  aroused  the  curiosity  of  man, 
■  as  well  as  the  use  of  the  plants  for  the  purpose  of  food,  clothing  and 
other  necessaries.  Indeed,  those  plants  and  plant  products  that  were 
conspicuous  on  account  of  their  aromatic  odor  and  taste,  seem  to  have 
attracted  the  attention  of  man  in  a  special  degree.  These  very  properties 
seem  to  have  induced  him  to  use  them  and  to  seek  proper  methods  for 
their  cultivation  and  preservation. 

It  is  true  that  the  oldest  document**  pertaining  to  the  history  of 
the  beginning  of  human  industry  have  recorded  only  the  most  primitive 
methods  for  the  preparation  of  implements  that  were  used  in  the  chase, 
the  cultivation  of  the  soil,  and  for  the  collection  and  preparation  of  food: 
stuffs  and  other  useful  products.  Nevertheless  it  may  not  be  amiss  to 
suppose  that  the  exigencies  of  self-preservation,  of  protection,  and  of 
wellbeing  at  an  early  period  caused  man  to  utilize  the  heat  of  the  sun 
and  of  fire  for  the  preparation  of  foodstuffs  as  well  as  for  various  other 
purposes  in  the  production  and  preparation  of  a  variety  of  natural 
products.  It  may  have  required  long  periods  of  time  before  fire  was 
used  for  the  preserving  of  perishable  foodstuffs,  for  the  separation  of 
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more  valuable  substances  from  those  of  lesser  value,  or  of  the  pleasant 
from  disagreeable  ones:  bo  e.  g.,  the  distillation  of  the  "spirit  of  wine" 
from  the  wine  itself;  the  separation  of  the  "subtle  principle,"  the  aroma, 
from  spices  and  balsams.  The  earliest  documents,  however,  show  that 
the  spices  were  among  the  earliest  and  most  highly  prized  articles  of 
barter  and  commerce  during  antiquity;  that,  as  products  of  nature 
agreeable  to  the  gods,  they  were  offered  as  sacrifices  in  religious  cere- 
monies, and  were  also  used  in  the  embalming  of  the  dead  preparatory 
to  their  transit  into  the  realm  of  the  gods. 

It  is  especially  this  use  of  snices  and  of  aromatic  plant  products  by 
the  priests,  those  promoters  and  supporters  of  natural  science  during 
antiquity,  that  renders  it  probable  that  their  knowledge  was  early 
applied  to  the  production,  preparation  and  improvement  of  the  spices 
which  were  used  in  the  sacrifices  and  in  embalming.  Whether  a  beginning 
in  the  preparation  of  the  aromatic  principles  of  plants,  our  modern 
volatile  oils,  was  made  previous  to  early  Hindoo  and  Egyptian  civilization, 
does  not  become  apparent  from  the  oldest  documents.  Even  the  Bible, 
winch  gives  bo  much  information  concerning  the  customs  of  the  Jews, 
makes  no  other  statements  than  those  pertaining  to  the  spices  and 
aromatics  used  in  various  countries.  The  early  preparation  of  the 
metals  and  the  manufacture  of  metallic  utensils  would  indicate  that 
furnaces  and  other  apparatus  for  heating  were  early  used  in  a  variety 
of  ways.  One  may  suppose,  therefore,  that  they  were  gradually  used  in 
primitive  attempts  to  separate  the  Bpirit  from  wine,  from  other  fermented 
fruit  juices  and  honey ;  also  the  subtle  aromatic  principles  from  spices, 
balsams  and  oleoresins.  These  crude  experiments  may  be  considered  as 
constituting  the  first  stages  in  the  art  of  distillation  which  later  became 
of  such  great  importance. 

The  Egyptians,  owing  to  the  continuity  of  their  early  and  highly 
developed  civilization  and  to  the  preservation  of  their  monuments  and 
literary  productions,  are  generally  considered  as  standing  at  the  portals 
of  history.  With,  reference  to  time,  however,  the  Chinese  and  Aryans 
are  probably  the  oldest  peoples.  These  races,  with  whom  civilization 
seems  to  have  had  its  beginning,  lived  in  central  and  southern  Asia,  a 
mountainous  district  favored  with  a  mild  climate  and  a  luxuriant 
vegetation  rich  in  useful  and  spicy  products.  Our  knowledge  of  the 
peoples  who  first  occupied  this  wide  territory  is  but  legendary.  Con- 
cerning their  industrial  and  technical  accomplishments  as  well  as  their 
literary  productions,  but  little  definite  information  has  come  down  to 
us'    These  Chinese  and  Indians  may  have  developed  considerable  dex- 
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terity  in  industrial  pursuit*!  and  may  even  have  accomplished  much  in 
the  scientific  realm.  Their  attitude  of  exclusiveness,  however,  toward 
the  outside  world  and  their  secrecy  have  prevented  them  from  exerting 
a  lasting  influence  on  other  nations.  The  oldest  documents  that  throw 
light  on  their  early  scientific  accomplishments  are  the  Ayur-Veda  (book 
of  the  science  of  life)  by  Charaka  and  Susruta. ')  As  is  the  case  with 
so  many  writings  of  early  antiquity,  nothing  definite  is  known  with 
regard  to  the  age  of  these  documents.  It  is  possible  that  they  are 
traditions  reduced  to  writing  at  a  rather  late  time.  From  this'  work 
it  becomes  apparent  that  the  Indians  were  acquainted  with  primitive 
apparatus  for  distillation,  with  fermentation  and  the  products  obtained 
by  distillation.  Of  "distilled  oils,"  those  of  rose,  schoenus  (andropogon), 
and  calamus  are  mentioned.3).  Whether  these  oils  are  "distilled"  in 
the  modern  sense  of  this  term  can  not  be  ascertained. 

From  the  likewise  legendary  documents  of  the  old  Persians  it 
would  seem  that  they  also  were  acquainted  with  the  process  of 
distillation  and  distilling  apparatus.*) 

With  regard  to  the  Egyptians,  however,  whose  history  goes  back  as 
far  as  4000  B.  C,  we  have  definite  information  concerning  the  early 
development  of  industry  and  art,  the  acquirement  of  scientific  knowledge 
and  its  practical  application.  Their  commerce,  which  extended  as  far 
as  India,  Babylonia,  Syria,  Ethiopia  and  other  countries,  as  well  as 
their  industry  and  art  undoubtedly  developed  slowly  before  it  reached 
that  height  which  we  now  admire.  The  application  of  their  scientific 
knowledge  finds  manifold  expression.  Thus,  they  were  acquainted  with 
the  preparation  of  the  more  common  and  useful  metals,  with  furnaces 
and  distilling  apparatus,  with  the  distillation  of  wine,  of  cedar  resin,4) 
the  preparation  of  soda,  alum,  vinegar,6)  soap,  leather,  with  the 
preparation  and  use  of  colors  and  the  manufacture  of  glass.  The 
Egyptians  were  acquainted  with  and  used  cedar  (turpentine)  oil8)  and 
colophonium, T)  and  probably  knew  how  to  obtain  plant  aromatics  in 
purified  form,  possibly  as  distilled  oils. 


i)  ftee  aoder  Bibliography.  Plftii!    sec.;    Nat.    hist.,    Kb.    IS, 

i)  Suarata'i  Ayar-veda,  pp.  Ill  &  ISO.  cap.  SAT.  and  lib.  10,. cap. 

>)  Gebrt  de  alehlnifa;  Sctamleder,  Gesch.  22. 

d.  Alcb.,  p.  84.  Bcrib.  Largl,  romp,  med.,  p.  H2H. 

*)  Aetii  niedlcl  fcraecl,  fol.  10.  Tbeopbraatl  opera:    Hurt,  plant., 

•)  Numbers  8:  8.  lib.  »,  cap.  8. 
«>  Herodoti  hlrtorlae  II,  SB.                                      T)  Dtoscorldls,  De  mat.  med.,   vol.  1, 

Moecorldta,   De   mat.    med.,   lib.   1,  p.  esO;  and  vol.  2,  p.  680. 
cap.  84,  80.  SO,  05.  07. 
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The  height  which  Egyptian  civilization  reached  in  revealed  better  by 
the  architectural  monuments  and  their  contents,  in  the  case  of  the 
pyramids,  than  by  the  few  written  documents  that  have  come  down  to 
us.  Like  their  writings,  many  of  their  trades  were  lost  at  least  in  part 
to  the  civilized  nations  succeeding  them  and  had  to  be  rediscovered. 
In  judging  the  relationship  between  their  scientific  knowledge  and  their 
accomplishments  in  the  arts  and  trades,  it  should  be  remembered  that 
the  manufacture  of  metals,  of  glass,  and  even  dyeing  were  based  on  a 
rather  crude  empiricism  and  seem  to  have  been  almost  wholly  inde- 
pendent of  the  theoretical  consideration  of  the  age.  Thus,  with  but 
little  scientific  knowledge  of  permanent  value,  these  most  ancient 
peoples,  the  Hindoos,  Egyptians,  Assyrians,  Babylonians  and  Phoeni- 
cians, like  the  Chinese,  who  stand  at  the  dawn  of  civilization,  have  in 
the  course  of  centuries  of  development  accomplished  much.  They,  and 
among  them  the  Egyptians  more  particularly,  served  as  the  teachers 
of  the  classical  nations  of  Greece  and  Rome. 

The  scientific  knowledge  as  well  as  the  industrial  and  artistic 
accomplishments  of  the  Hebrews  and  the  Greeks,  and  indirectly  also  of 
the  Romans,  had  their  root  in  Egyptian  civilization.  However,  the 
Greeks  like  the  Hebrews  tended  toward  the  ideal  rather  than  the 
practical  in  their  conception  of  nature.  They  did  not  experiment  and 
were  not  bent  on  applying  their  scientific  knowledge.  Their  philosophers 
and  writers  collected  and  systematized  the  information  that  liad  come 
down  to  them  and  thus  aided  in  preserving  it,  without,  however,  putting 
it  to  practical  use  or  adding  anything  new  to  it. 

The  Greeks,  however,  were  well  informed  as  to  the  Egyptian  arts : 
they  understood  the  preparation  and  working  of  the  mijtals  and  the 
manufacture  of  glass  and  other  industrial  arts.  Their  commerce,  how- 
ever, was  mostly  barter  in  natural  products.  The  oriental  spices  were 
highly  prized  by  them  for  incenses,  cosmetic  and  sanitary  purposes. 
Whether  the  primitive  method  of  distillation  practiced  by  the  Egyptians 
and  Persians  was  known  to  the  Greeks  does  not  appear  from  their 
literature.  It  is  not  improbable,  however,  for  medicine  and  the 
cosmetics  were  hardly  less  thought  of  by  the  Greeks  than  by  the 
Egyptians.  Owing  to  the  luxury  of  the  later  Greeks,  perfumes  and 
spices  were  extensively  used.  The  much  praised  oriental  perfumes, 
especially  the  sandal  wood  ((v\a  IvSoti)  were  considered  a  necessity  at 
all  festivities. 

When  Greek  culture  spread  westward  and  became  the  basis  of  Roman 
civilization,  Greek  views  concerning  nature  and  Greek  knowledge  of  it 
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were  likewise  transmitted.  In  their  numerous  conquests,  the  Romans 
increased  their  knowledge  of  oriental  natural  products.  These  were 
brought  by  the  old  caravan  routes  and  then  by  sea  to  Rome.  Among 
them  were  the  finest  spices  and  aromaties  for  the  kitchen,  perfumes  and 
ointments  for  the  toilet,  balsams  and  incenses.  Whether  aromatized 
fats,  or  distilled  oils  as  well,  were  used  cannot  be  ascertained  definitely 
from  Roman  literature.  That  the  Romans  themselves  were  adept  in  the 
preparation  of  toilet  articles  seems  highly  probable.  That  the  natural 
sciences,  including  the  science  of  drugs,  were  well  cultivated  is  shown  by 
the  writings  of  Dioseorides,*)  Pliny*)  and  Galen.*)  Yet,  although  the 
Romans  were  good  observers  of  natural  objects  and  phenomena,  and 
equally  good  compilers  of  the  knowledge  of  their  own  period  and  of 
previous  periods,  they  did  not,  in  general,  penetrate  into  the  secrete  of 
nature.  Neither  did  they  add  much  to  the  stock  of  knowledge  handed 
down  to  them.  The  natural  sciences  and  medicine  were,  therefore,  but 
little  advanced  by  them. 

With  the  decay  of  Greek  and  Roman  culture  and  the  long  night  in 
the  history  of  civilization  that  followed,  many  of  the  earlier  discoveries  in 
the  arts  and  sciences  were  lost.  At  the  close  of  that  period  which  we 
now  designate  as  antiquity,  birth  was  given  to  a  new  civilization,  of 
which  the  Arabians  were  the  forerunners.  They  themselves,  however, 
contributed  but  little  to  this  Mohammedan  or  Arabian  period  of  civili- 
sation. This  had  its  roots  in  the  Alexandrian  school,  the  spirit  of  which 
was  imparted  to  the  later  Mohammedan  conglomerate  of  peoples  through 
the  Syrians  and  Persians  and  their  languages,  also  through  the  Greeks 
of  Asia  Minor. 

Permeated  by  the  conceptions  of  the  Alexandrian  school,  the  Arabs 
revived  the  study  of  the  natural  sciences  in  the  ninth  century.  Mathe- 
matics, astronomy  and  medicine  were  rapidly  developed.  With  their 
tendency  to  faith  in  the  miraculous,  alchemy  and  magic  developed  with 
the  natural  sciences  and  played  an  important  role  in  the  theory  of 
transmutation  of  the  metals  and  in  medicine.  The  philosopher's  stone 
and  a  universal  medicine  were  to  banish  all  misery  and  disease  from 
this  world. 

Above  all  it  was  Geber1)  (Dschabir),  one  of  the  most  influential  and 
prominent  scholars  of  his  time,  who  developed  this  theory  and  established 
a  firm  faith  "in  it  which  lasted  for  centuries.    During  the  period  when 

•)  See  Bibliography. 

i)  Summit  perfection!, 
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Bagdad,  Bassora  and  Damascus  were  the  principal  centres  of  commerce, 
no  people  was  more  skilled  and  more  productive  in  the  arte  and  trades 
and  also  in  natural  science.  Their  commercial  relations  extended  to 
almost  all  known  countries,  and  the  use  and  knowledge  of  Eastern 
spices  and  aromatics  was  greatly  fostered  by  them. 

With  the  development  of  the  traditional  knowledge,  the  Arabians 
also  fostered  the  process  of  distillation  in  connection  with  the  hermetic 
art.')  As  early  as  the  fourth  century,  the  Greek  scholars  Synesios  of 
Ptolomais8)  and  Zosimos  of  Panopolis8)  had  described  the  distilling 
apparatus  and  methods  of  the  Egyptians.  Aetius  of  Amida,  a  physician 
and  writer  who  lived  in  Constantinople  daring  the  beginning  o!  the 
sixth  century,  also  described  the  preparation  of  empyreumatic  oils  by 
downward  distillation  (Dentilhitio  per  deacensutn).*)  This  as  well  as 
the  upward  distillation  (Destilltitio  per  ascensum)  are  reported  by  Geber. 
According  to  Porta5)  and  other  writers  of  the  sixteenth  century  the 
Arabian  physicians  and  alchemists  introduced  the  condensing  tube 
{Serpentina)  for  the  better  cooling  of  the  distillate,  and  a  kind  of 
fractionation  for  the  distillation  of  wine.  Geber  is  indeed  the  first, 
since  the  Egyptians,  who  possessed  a  thorough  knowledge  of  the  subject 
of  distillation:  of  dry  distillation  and  distillation  with  water  vapor,  of 
utensils  of  glass  and  glazed  earthenware  used  in  the  process. 

Next  to  the  writings  of  Geber,  those  of  Mesue,  who  lived  some  time 
between  the  eighth  and  tenth  centuries,  reveal  what  knowledge  the 
Arabians  had  on  the  subject  of  distillation  and  volatile  oils.  In  the 
chapter  on  oils8)  their  method  of  preparation  is  described.  Most  of 
them  are  aromatised  fatty  oils,  only  juniper  oil  and  oil  from  asphaltum 
were  prepared  by  destructive  distillation.  According  to  Bergmann,') 
Mesne  is  supposed  to  have  been  acquainted  with  distilled  rose  oil  and 
•oil  of  amber. 

Other  Arabian  physicians  also  give  information  about  distilled 
waters  and  oils  of  that  period.  Thus  Ibn  Khaldun8)  of  the  ninth 
•century  mentions  that  distilled  rose  water  was  an  important  article  of 
■commerce  of  the  Persians  during  his  and  the  previous  century.  Nonus 
Theophanes8)  who  in  the  tenth  century  was  physician  of  Emperor 
Michael  VIII  in  Constantinople,  recommended  rose  water  as  a  medica- 


>)  Court ngltiH,  De  berra.  Aegypt.,  lib. 
II,  cap.  1;  Bermuann,  Hint,  chem.,  vol.4 
SchmEedei-'B  Couch,  d.  Alch.,  p.  83. 

>)  Syneell  Tract.  ehlmtcue. 

t)  See  Bibliography ;  also  Hotter,  Hist 
de  la  chlm..  I,  pp.  2ei— 270. 
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Notices  et  extralto,  IS,  p.  8B4. 
Syaeaiuede  febrlboe,  tap.  88,  p.  113. 
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merit.  The  Syrian  physician  Serapion  (Janus  Damascenus)  who  lived 
in  the  ninth  century;  also  Avenzoar1)  who  lived  about  a  century  later 
and  who  was  physician  to  the  Caliph  Ebn  Attaiin  of  Morocco,  used  rose 
water  as  an  eye-remedy  and  rose  oil  sugar  as  an  internal  remedy.  In 
the  medical  writings  of  Abn  Dschafar  Achmed,  an  Arabian  physician  of 
the  eleventh  century,  which  were  translated  into  Greek  by  Synesius  of 
Constantinople,  rose  water,  rose  oil  and  camphor  are  mentioned  among 
the  current  remedies. z) 

While  Geber  was  the  first,  and  also  the  most  important  Arabian 
writer  who  was  acquainted  with  distillation,  the  writings  of  Albucasis 
who  lived  three  centuries  later,  reveal  such  an  exact  knowledge  of  the 
subject,  that  the  thought  seems  justified  that  distillation  was  largely 
practiced  by  the  Arabians.  The  "Liber  servitoris"  *)  of  Albucasis  con- 
tains a  very  clear  description  of  the  process  of  distillation,  also  specific 
directions  for  the  distillation  e.  g.  of  water,  acetic  acid  and  alcohol. 
Torbert  Bergman  n,  *)  the  Swedish  chemical  historian,  regards  this 
description  as  one  of  the  first  and  best. 

During  the  period  from  the  eighth  to  the  twelfth  centuries,  many 
Arabian  scientists  were  especially  active  in  furthering  the  sciences  or 
medicine  and  materia  medica.  Distillation  was  frequently  resorted  to 
as  a  means  of  securing  the  active  constituents  of  drugs.  In  spite  of 
the  crude  methods  often  employed,  it  seems  probable,  therefore,  that 
the  volatile  oils  which,  no  doubt,  separated  at  times  must  have 
attracted  the  attention  of  the  curious  experimenter.  Owing  to  the 
complete  lack  of  knowledge  regarding  the  nature  of  the  oils  as  well  as 
on  account  of  the  idea  that  the  distilled  waters  contained  the  subtle 
active  ingredients  of  the  drugs,  the  oils  which  separated  may  hare 
received  but  little  consideration,  being  regarded  as  crude  separations. 
They  were,  therefore,  not  valued  highly  and,  as  the  literature  of  that 
period  shows,  only  a  few  of  them  found  application. 

The  desire  to  transmute  the  baser  metals  into  gold,  which  began  to 
predominate  in  the  eleventh  century,  brought  about  the  decay  of 
Arabian  science.  From  the  conquest  of  Bagdad  by  the  Mongols  in 
1258  dates  the  political  downfall  of  the  Arabs.  In  Spain  and  also  in 
Italy,  through  their  school  at  Salerno,  Arabian  science  still  held  sway 

i)  Liber  Theliler  etc.,  Liber  7,  fol.  1 ;   Lib.  5,  cap.  9.  lol.  44. 

>)  BjniwiuB  da  ftbrlbDi.  pp.  58  &  2*0. 

•)  See  Arabian  writer  under  Bibliography. 

*)  flerjramm,  Htatorlac  chlmlae.   Comp.  also  Liber  Servitoris,  lol.  889b,  841b 4 842. 
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for  some  time.  In  these  countries  also,  through  the  crusades,  Europeans 
became  acquainted  with  Arabian  scientific  ideas,  as  well  as  with  their 
methods,  among  others  with  the  process  of  distillation  and  the  utensils 
used  in  this  process.  In  the  European  countries  alchemistic  speculations 
were  welcomed  in  the  monasteries  where  mysticism  and  faith  in  miracles 
were  at  home.  Though  distillation  did  not  become  a  lost  art  by  any 
means,  it  was  employed  principally  in  the  search  for  the  philosopher's 
stone  and  the  panacea  for  all  human  woes. 

The  distillation  of  alcohol  also  was  given  much  attention  during 
this  period.  Thus  the  Cardinal  Vitalis  de  Furno  at  the  beginning  of 
the  fourteenth  century  declared  it  a  true  panacea.  Albertus  Magnus 
(1193—1280),  Bishop  of  Begensburg,  carefully  described  the  distillation 
of  alcohol  in  his  works.  Arnoldus  Vitlanovus  (1235—1312)  seems  first 
to  have  introduced  the  Arabian  term  alcohol  into  German  literature,  and 
on  account  of  its  properties,  designated  ft  aqua  vitae.  *)  The  latter  was 
also  acquainted  with  the  distillation  of  the  oils  of  turpentine,3)  rose- 
mary,8) and  sage.  His  oleum  mirabtte  consisted  principally  of  an  alcoholic 
solution  of 'two  of  these  oils.  This  mixture  was  used  as  an  external 
remedy  and  later,  with  the  omission  of  the  turpentine  oil,  as  an 
aromatic  perfume.  For  centuries  it  remained  a  much  praised  specialty 
under  the  name  of  Hungarian  water. 

Alcohol  was  also  used  for  the  extraction  of  spices  and  other  plant 
products.  In  this  manner  alcoholic  solutions  of  volatile  oils,  of  aromatic 
resins  and  balsams  were  obtained.*) 

From  the  thirteenth  century  on  distilled  aromatic  waters  were  more 
extensively  used  as  medicaments.  The  separation  of  oils  both  at  the 
surface  and  beneath  the  aqueons  distillate  was  observed,  but  apparently 
received  but  little  attention.  .  Owing  to  the  practice  of  using  alcohol  in 
the  preparation  of  many  of  these  aromatic  waters,  the  oil  must 
frequently  have  remained  in  solution  wholly  or  in  part.  Thus,  e.  g.  the 
plants  or  plant  products  to  be  distilled  were  moistened  with  wine  or 
aqua  vit&e  before  distillation;  or  steeped  in  water  they  were  first 
allowed  to  undergo  fermentation.  Both  alcohol  and  volatile  oil  were 
lost,  in  part  at  least,  by  submitting  the  plant  products  to  a  process 
known  as  circulation,  a  preliminary  operation  consisting  of  more  or  less 
prolonged  digestion.  In  this  manner  inferior  distilled  aromatic  waters 
were  obtained. 
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Nevertheless,  several  of  the  more  important  experimenters  and 
writers  of  that  period  knew  and  described  volatile  oils.  In  addition  to 
the  oils  of  turpentine  and  rosemary  already  mentioned,  Arnold  us 
Villanovus1)  and  Raymundus  Lullus3)  describe  the  distillation  of  oil 
of  sage;  Sancto  Amando8)  that  of  bitter  almond  oil,  oil  of  rue  and  oil 
of  cinnamon ;  Saladinus  of  Aesculo4)  that  of  oil  of  rose  and  oil  of  sandal- 
wood. The  writings  of  their  contemporaries  also  reveal  a  knowledge  of 
these  and  other  distilled  oils  without,  however,  making  mention  of  their 
use  in  medicine  or  the  arts. 

The  epoch-making  inventions  and  discoveries  of  the  fourteenth  and 
fifteenth  centuries  wrought  great  changes  in  the  natural  sciences  and 
their  application.  The  discovery  of  the  new  world  and  the  circum- 
navigation of  Africa  to  the  East  Indies  widened  the  horizon  of  the 
people.  The  period  of  the  Renaissance  and  the  Reformation  assisted  in 
doing  away  with  the  blind  faith  in  authority,  not  only  in  theology  but 
in  the  natural  sciences,  as  well.  The  founding  of  universities  and  the 
invention  of  printing  assisted  largely  in  the  spreading  of  knowledge. 
Thus  information  and  skill,  previously  the  secret  of  the  few,  now  soon 
became  common  property  of  many. 

With  the  rise  of  Paracelsus,  who  taught  that  the  object  of  chemistry 
was  to  make  remedies  and  not  gold,  and  the  establishment  of  the 
iatrochemical  school,  the  art.  of  distillation  was  once  more  directed  into 
its  more  proper  course.  More  particularly,  with  the  separation  of 
pharmacy  from  medicine  and  the  establishment  of  apothecary  shops, 
the  distillation  of  aromatic  waters  was  carried  on  in  the  laboratories 
of  these  pharmacies  and  was  here  developed  until  the  distillation  of 
volatile  oils  became  an  independent  industry. 

As  was  largely  the  case  with  the  Arabians,  the  progress  of  the  art 
of  distillation  again  finds  expression  in  medical  literature.  Though 
medical  books  became  much  more  numerous  with  the  invention  of 
printing,  they  cease  largely  to  be  a  source  of  information  with  regard 
to  methods  of  preparation  of  volatile  oils  and  their  introduction. 
Nevertheless,  they  give  information  about  the  introduction  of  aromatic 
drugs  and  aromatic  waters.  The  numerous  works  that  come  under 
consideration  may  be  classed  in  three  groups  of  equal  importance:  the 
antidotaries  and  later  dispensatories;  the  treatises  on  distillation, 
which  were  prominent  from  the  close  of  the  fifteenth  to  the  close  of  the 
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sixteenth  centuries;  and  the  price  ordinances  for  spices  and  drugs  of 
various  cities,  which  came  into  use  about  the  same  time. 

Before  discussing  these  works,  attention  should  once  more  be 
called  to  the  fact  that  the  term  "distilled"  as  used  in  ancient  and 
mediaeval  writings  is  not  always  employed  in  the  same  sense  as  to-day. 
In  fact,  up  to  and  including  the  middle  ages  it  was  a  collective  term 
implying  the  preparation  of  vegetable  and  animal  extracts  according 
to  the  rules  of  the  art,  or  rectification  and  separation :  it  involved 
such  processes  as  maceration,  digestion,  expression,  straining,  filtering 
and  even  processes  of  fermentation  and  decay. 

Aside  Trom  turpentine  or  cedar  oil,  the  term  distilled  oil,  as  it  is 
used  in  older  literature,  applies  as  a  rule  to  fatty  oils  which  had  been 
aromatised  with  the  respective  plants  or  parts  of  plant*.  That  many 
seeds  and  fruits  often  yielded  aromatic  oils  upon  hot  or  cold  expression, 
or  when  boiled  with  water  was  also  known  in  early  antiquity.  These 
aromatic  and  aromatised  fats  and  fatty  oils  were  used  medicinally  as 
ointments  and  for  cosmetic  purposes. 

Whether  the  oils  of  rose,  andropogon,  and  calamus,  mentioned  in 
the  Ayur-Veda  as  distilled  oils,  were  such  in  the  modern  sense  of  the 
term,  cannot  be  decided.  The  same  is  true  of  the  oils  of  spike, 
rosemary  and  sage,  as  well  as  of  other  oils  of  later  writers.  Although 
the  Indians,  the  Babylonians,  and  especially  the  Egyptians  were 
acquainted  with  the  art  of  distillation,  and  also  with  volatile  oils,  a 
sharp  distinction  between  true  distilled  oils  and  aromatised  fatty  oils 
does  not  seem  to  have  existed  at  the  beginning  of  the  Christian  era. 
Inasmuch  as  the  aromatised  oils  were  used  principally  in  religious  rites 
and  for  purposes  of  toilet,  it.  seems  natural  that  they  were  given 
preference  over  the  distilled  volatile  oils.  Indeed,  the  process  of 
preparation  of  "distilled"  oils  described  by  Dioscorides ] )  and  copied  by 
Pliny3)  is  one  of  aromatization.  It  may  well  be  doubted  that  volatile 
oils  escaped  observation  by  Arabian  naturalists  and  others  who  distilled 
aromatic  waters,  although,  as  has  already  been  pointed  out,  the 
presence  of  alcohol  in  the  distillate  may  frequently  have  kept  the  oil  in 
solution.  Though  a  number  of  distilled  oils  are  mentioned  in  various 
treatises  and  were  evidently  known,  yet  one  of  the  oldest  known  lists  of 
current  drugs  and  spices,  that  of  the  city  of  Frankfort-on-the-Main  of  the 


i)  Matthloll  Opera  quae  Ft.,  lib.  1,  rap.  58:  Germ,  translation  ol  DEosco rides'  works 
In  Trom  mwlorlTn  Jour.  <1.  Pharni..  11,  rip.  113. 
>)  Natu  rails  hlatorlae,  lib.  IS,  cap.  -2. 
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year  1450,  does  not  mention  any  distilled  oils.  However,  a  similar 
list  of  the  same  city  for  1582  mentions  forty-two,  alid  another  of  the 
year  1587  enumerates  fifty-nine  such  oils.1) 

To  return,  however,  to  the  literaiy  documents  of  the  sixteenth 
century.  Among  the  most  interesting,  if  not  the  most  valuable,  are  the 
treatises  on  distillation,  the  "Destillirbucher".  The  first  larger  work 
of  this  class  was  written  by  the  Strassburg  physician.  Hieronymus 
Branschwig  (1450—1534),  the  two  volumes  being  published  in  1500 
and  1507  respectively.  a>  The  work  describes  principally  the  preparation 
and  use  of  the  much  lauded  distilled  waters  (gebrannte  WHaser),  dis- 
tilled wines  (gebrannte  Weine),  life  elixirs,  simple  and  mixed  oils  and 
balsams.  How  little  attention  was  given  to  distilled  oils  is  shown  by 
the  fact  that  but  four  distilled  oils  are  mentioned  and  described,  viz., 
the  oils  of  spike, a)  turpentine,*)  juniper  wood5)  and  rosemary.0) 
Directions  for  the  rectification  of  turpentine  oil  are  also  given,  viz.,  by 
shaking  first  with  water,  then  with  rose  water  or  wine,  and  by  final 
distillation.  An  oleum  benedictum  compositum"*)  consists  of  a  distillate 
of  rosemary,  turpentine,  olibanum,  mastic,  ammoniac,  grilbmium, 
opopanax,  cloves  and  cinnamon.  Directions  are  further  given  for  the 
preparation  of  a  number  of  aromatic  balsams,  mixtures  of  volatile 
oils,  by  the  distillation  of  mixtures  of  oleo  resins  and  spices  with  the 
addition  of  turpentine  oil.8) 

How  little  the  nature  of  the  distillates  was  understood  becomes 
apparent  from  Brunschwig's  definition  of  the  process  of  distillation. 
He  states  that  it  consists  merely  of  the  separation  of  the  subtle  from 
the  crude,  to  make  that  which  is  fragile  and  destructible  indestructible, 
to  render  immaterial  that  which  is  material,  spiritual  that  which  is 
corporeal,  handsome  that  which  is  not  handsome.  Nevertheless  he  dis- 
plays a  considerable  knowledge  of  the  technique  of  distillation.  For 
this  very  reason,  however,  it  seems  strange  that  no  mention  is  made 
of  the  observation  of  oils  when  Buch  aromatic  plant  products  as  the 
umbelliferous  fruits,  the  labiate  leaves,  juniper  berries,  cfoves,  cinnamon 
and  other  spices  were  subjected  to  distillation  with  water.  This  is  all  tlie 
more  remarkable  since  the  volatile  and  even  empyreumatic  oils  and  other 
products  of  distillation  such  as  acetic  acid  were  regarded,  like  alcohol,  as 
the  quintessences  of  the  crude  materials  from  which  they  were  obtained. 


i)  See    tbe    price    ordinance*    fur    the  *>  Ibidem,  Vol.  1,  lol.  88. 

corresponding  years  under    Bibliography.  >)       do        Vol.  2.  fol.  28ft. 

*)  See  fig.  1  and  2.  pp.  28  and  36.  ■)       do       Vol.  1,  lol.  B2. 

>)  Hleron.  Brunnchn la.    Liber  de  arte  >)       do        Vol.  1.  fol.  33. 

1,  Vol.  1,  fol.  T2.  *j       do        Vol.  3.  lol.  271. 
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Brunsch wig's  "DestiUirbueh"  was  followed  by  a  number  of  similar 
treatises,  all  of  which  reveal  the  important  position  which  the  distilled 
waters  held  in  the  materia  medica  of  the  sixteenth  century.  To  some 
extent  they  contribute  to  the  history  ol  the  volatile  oils  themselves. 
About  twenty-five  years  after  the  publication  of  Brunschwigs  treatise, 
the  smaller  work  of  Philipp  TJlstad,  physician  and  professor  of  medicine 
in  Niirnberg,  appeared1)  and  became  widely  known.  TJlstad  held 
notions  similar  to  those  of  Brnnschwig  with  regaid  to  the  nature  of 
distillates,  and  since  his  quintessences  contained  more  or  less  alcohol, 
no  mention  is  made  of  the  oils  themselves.  The  principal  value  which 
these  works  have  at  the  present  time  as  far  as  the  history  of  volatile 
oils  is  concerned,  lies  in  the  thorough  and  careful  description  and 
figurative  reproduction  of  the  methods  of  distillation  and  utensils 
employed  at  that  time. 

About  56  years  after  the  appearance  of  Brunsch  wig's  "Destillir- 
buch"  and  28  years  after  that  of  the  first  edition  of  Ulstad's 
"Coelum  Philosophorum,"  Walther  Hermann  Reiff  (Gualtherus  H. 
Byff),  who  was  surgeon  in  Strasaburg  during  the  first  half  of  the 
sixteenth  century,  published  a  third  treatise9)  of  this  kind  which  for  a 
long  time  was  held  in  high  repute.  His  definition  of  distillation  does  not 
differ  materially  from  that  of  Brunschwig.  In  the  last. part  of  the  book 
he  also  describes  "the  correct  method  of  preparing  by  means  of  artificial 
distillation  several  precious  oils."  They  are  distilled,  some  of  them  with 
wine,  from  myrrh,  liquid  storax,  sagapenum,  opopanax,  ammoniac, 
storax  calami  m.  sacocolla,  benzoin,  labdanum,  galbanurn,  turpentine, 
mastic,  sandarac,  guaiac  wood,  rosemary,  spike,  anise,  cloves,  cinnamon, 
mace,  safron,  and  from  various  mixtures  of  spices  (balsams). 

Under  spike  and  lavender  oil  (fol.  1HG)  he  mentions  that  these  oils 
are  commonly  imported  from  France  in  small  bottles  and  sold  at  a 
high  price.  In  his  "Beformirte  Apothek"  which  was  published  in  1568 
he  states  (fol.  191)  that  "when  lavender  flowers  are  distilled  a  fragrant 
oil  usually  floats  on  the  surface  of  the  distillate.  In  France,  in  the 
province  about  Narbonoe,  where  the  plant  grows  abundantly  it  is 
especially  distilled ;  likewise  oils  from  other  useful  and  fragrant  herbs, 
flowers,  fruits  and  roots."  This  statement  is  of  special  interest  inas- 
much as  it  seems  to  be  the  earliest  reference  in  German  literature  to 
the  French  volatile  oil  industry  which  evidently  dates  back  as  far  as 
the  early  part  of  the  sixteenth  century. 

See  Bibliography. 
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How  little  Ryff  knew  about  the  nature  of  volatile  oils  becomes 
apparent  from  fol.  187  and  188  where  he  describes  "how  from  several 
strong  and  good  spices  precions  oils  can  be  distilled."  To  prepare 
specially  good  oils  from  cloves,  nutmeg,  mace  and"  safron  these  spices 
are  to  be  comminuted  and  distilled  with  rectified  spirit.  When  the 
"spirits"  have  been  distilled  off  and  oil  begins  to  come  over,  the  mass 
is  to  be  taken  out  and  pressed  between  warm  plates.  The  oil  thus 
obtained  is  to  be  rectified  by  "circulation"  until  it  is  clear. 

Brunschwig's  "Destillirbuch"  seems  to  have  stimulated  the  distilla- 
tion of  aromatic  waters  and  of  spirituous  aromatic  distillates,  and  their 
introduction  into  medicine,  as  well  as  the  art  of  distillation  itself.  It 
would  appear  that  his  and  other  treatises  of  a  like  nature,  in  a  measure 
at  least,  displaced  the  older  antidotaries.  However,  in  the  course  of  the 
sixteenth  century  the  latter  were  also  reprinted  and  revised  in  various 
European  cities.  Among  the  principal  treatises  in  this  group  are  those 
of  Valerius  Cordus  and  Conrad  Gesner,  whose  writings  acquired  great 
reputation  and  served  as  the  standard  for  others.  Valerius  Cordus 
was  born  in  1515  in  Simshausen.  His  father  was  professor  of  medicine 
in  Marburg.  Here  he  studied  medicine,  receiving  the  bachelor's  degree  in 
1531.  In  the  same  year  he  went  to  Wittenberg  to  attend  the  lectures 
of  Melanchtbon,  and  soon  received  permission  to  deliver  a  course  of 
lectures  on  the  materia  medica  of  Dioscorides.  He  died  1544  in  Borne. 
His  commentaries1)  on  Dioscorides  and  other  scientific  writings  were 
published  after  his  death  by  Conrad  Gesner  (151ft— 1565)  of  Zurich,  a 
talented  medical  writer,  who  probably  made  additions  of  his  own  to 
the  text  of  Cordus. 

These  "Annotationes"  of  Cordus  are  of  special  importance  in  the 
history  of  volatile  oils,  partly  on  account  of  the  reputation  of  the 
author,  partly  because  of  his  knowledge  of  the  subject  and  also  because 
they  appeared  in  a  century  that  was  so  productive  of  literature.  Whereas 
Brunschwig's  book  reveals  a  retrogression  in  the  technique  of  dis- 
tillation as  compared  with  the  Arabian  period,  TJlstad,  Byff,  Matthiolue,  . 
Lonicer  and  others  made  many  improvements  themselves  and  also  made 
known  many  of  the  older  pieces  or  apparatus  that  had  been  forgotten. 
Cordus  and  Gesner  utilized  their  discoveries  and  went  even  farther. 

In  the  chapter  on  the  distillation  of  oils,*)  Cordus  discussed  the 
nature  of  the  '"extracts"  of  plants  obtained  by  expression  and  dis- 
tillation.    Concerning   the   oily   plant    extracts,    Cordus    distinguished 


tract  Ion  [bun,  fol.  226  nl  the  Annotations. 
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between  the  viscid,  fatty  oils  (oleum  cr&ssum,  vienosum,  terrastre) 
obtained  by  expression,  e.  a.  of  seeds,  and  those  of  a  spirituous  nature 
(aerea)  which  can  be  separated  from  the  "terrestrial"  substances  by 
distillation.  As  illustrations  of  the  first  class,  he  mentions  a  number 
of  the  common  fatty  oils,  as  illustrations  of  the  second  class  the  oils 
of  carpobalsam,  •)  cardamom,  cubeb,  pepper,  cloves,  cinnamon,  mace, 
nutmeg,  lignaloes  and  those  of  some  of  the  common  umbelliferous 
fruits,  such  as  anise,  fennel,  caraway,  cumin,  angelica,  Liguatrum, 
Libanotus,  Paatinaca,  Apium,  Petroaelinuni.  Pimpinella  and  Anethnm. 
In  his  description  of  the  properties  of  volatile  oils,  Cordus  makes 
mention  of  the  remarkable  property  of  the  oils  of  anise  and  fennel  to 
congeal  to  a  butyraceous  or  spermaceti-like  mass ;  also  of  the  property 
of  the  oils  of  cinnamon  and  cloves  to  sink  under  water.  The  method 
of  distillation  of  volatile  oils  has  been  carefully  described  by  Cordus, 
the  description  being  accompanied  by  a  cut  of  a  primitive  glass  still 
constructed  by  himself. a) 

Of  still  greater  value  than  the  "Annotationes"  of  Cordus  is  the 
"Tlresaurus  Euonymi  Philiatri"  of  Conrad  Qesner.  The  Latin  edition 
was  possibly  published  as  early  as  1550;  a  German  edition  in  1~>~>5 
under  the  title  of  "Ein  kostlicher  theurer  Schatz  des  Euonymus 
Philiatrus."  Compared  with  Brunscliwig's  treatise  it  not  only  reveals  a 
decided  advance  in  the  technique  of  distillation,  but  the  first  German 
edition  of  1555  also  contains  several  chapters  on  distilled  oils 
(pp.  212—249)  and  on  "balsams"  and  other  mixed  oils  (pp.  249—273). 
The  distillation  of  a  number  of  oils,  vis.:  of  the  oils  of  lavender,  rose- 
mary, rue,  cinnamon,  cloves,  nutmeg  and  others,  is  described,  and  the 
description  accompanied  with  cuts  of  the  apparatus  to  be  used :  also 
the  distillation  of  juniper  berries  and  juniper  wood  by  destillatio  per 
aaceaeam  and  'destillatio  per  deacenautn.  The  oils  of  galbanum,  lau- 
danum, myrrh,  opopanax,  liquid  storax  and  atyrox  calamita.  mastic 
and  turpentine  an  described.  The  oils  from  guaiac  wood  and  sandal 
wood  and  from  several  other  woods  and  barks  are  mentioned  (pp.  244 — 
247)  and  their  distillation  described. 

Gesner's  notion  about  the  nature  of  the  volatile  oils  does  not  differ 
much  from  the  traditional  one  mentioned  in  connection  with  Brunschwig. 
His  practical  conception  of  a  volatile  oil  is  also  rather  confused,  for  in 
describing  the  several  methods  according  to  which  one  and  the  same 

I)  The  Irulto  of  Baiaamea  m*xaoentla  liledltsch   (.Balantnodendron  opobalaamam 
KuDth)  were  (orTueriy  knuwii  a*  carpob&lsaawai  and  used  medicinally. 
•  )  Do  artlfldoris  extraction!  Dm,  vol.  2,  tol.  226. 
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"distilled"  oil  can  he  obtained,  lie  not  only  enumerates  distillation 
proper,  but  also  the  digestion  with  fatty  oils,  e.  g.  for  rose  oil  (pp.  224 
and  236),  lavender  oil  (p.  337),  marjoram,  myrrh  and  other  oils  (p.  332). 
Another  method  applied  to  nutmegs,  mace,  etc.,  is  to  moisten  with 
alcohol  and  distill  until  oil  begins  to  come  over.  The  process  is  then 
interrupted  and  the  oil  expressed  with  the  aid  of  warm  plates.  The 
aromatized  fatty  oil  thus  obtained  iB  then  distilled.1)  He  also 
frequently  directs  the  plant  material  to  be  moistened  with  alcohol. 
Such  flowers  as  have  a  delicate  fragrance  are  directed  to  be  placed  in 
layers  in  the  still  which  are  separated  by  similar  layers  of  odorless 
flowers  or  leaves.  These  are  to  absorb  part  of  the  aroma  and  thus 
assist  in  imparting  it  to  the  distillate.  The  oil  of  lavender  flowers  he 
directs  to  be  made  by  first  distilling  the  aromatic  water  from  a  glass 
retort.  This  water  is  set  aside  in  a  warm  place  during  the  entire 
summer  when  the  oil  and  some  water  will  distill  over  spontaneously. 
The  oil  thus  obtained  is  to  be  carefully  separated  from  the  water  and 
preserved  in  a  glass  vial. ■) 

Of  this  period,  one  important  author  remains  to  be  mentioned,  viz.: 
Giovanni  Battista  della  Porta  (1537—1615),  a  broadly  educated 
Neapolitan  nobleman.  Of  his  works,  published  in  twenty  books,8)  two 
are  of  special  importance  for  the  history  of  volatile  oils,  his  "Liber  de 
destillatione,"  and  his  "Liber  de  vinis."  Porta  has  a  clearer  conception 
of  the  process  and  of  the  products  of  distillation  than  any  of  his 
contemporaries.  Both  books,  published  about  1560,  reveal  a  more 
comprehensive  knowledge  of  facts  and  of  literature  than  any  of  their 
predecessors.  They  are  further  characterized  by  originality  of  in- 
vestigation and  presentation. 

Porta  distinguishes  dearly  between  expressed  fatty  and  distilled 
oils  and  describes  the  methods  according  to  which  they  are  prepared. 
He  also  describes  the  preparation  of  aromatic  waters  and  the  apparatus 
by  means  of  which  the  volatile  oils  can  be  separated  from  the  aqueous 
distillate.  However,  in  spite  of  his  practical  insight,  Porta  still  adheres 
to  the  traditional  conception  of  the  nature  of  volatile  oils.4)  He  also 
retains  the  term  oil  for  hygroscopic  substances,  such  as  oleum  ex 
B&libns,  ol.  ex  tarta.ro,  ol.  ex  soda,  etc. 

These  sixteenth  century  treatises  on  herbs  and  their  distillation,  as 
well  as  a  number  of  less  important  ones,  were  the  principal  hand- 
books for  the  preparation  of  medicaments,  especially  of  distilled  waters, 

;e  Bibl. 
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oils,  and  vinous  distillates.  At  first  they  supplemented  the  older  anti- 
dotaries,  later  they  replaced  them.  The  gradual  change  from  these 
treatises  on  distillation  to  the  so-called  dispensatories  is  marked  by  the 
appearance  of  several  works  classed  with  the  latter.  Those  of  Ortolff 
Meydenberger,*)  and  the  later  ones  of  Otto  Brunfels11)  (1488—1534), 
Leonhard  Fuche»)  (1501—1566)  and  of  W.  H.  Byfl*)  (first  half  of 
sixteenth  century)  may  here  be  mentioned. 

With  the  appearance  of  Paracelsus  (1493—1541)  and  the  spread  of 
his  iatrochemical  ideas  in  medicine,  vegetable  remedies  lost  their  former 
importance,  their  place  being  taken  more  or  less  by  chemical  products. 
Thus  the  distilled  waters  had  to  surrender  their  supremacy.  This 
resulted  in  a  lessening  of  appreciation  of  the  "Krauter-"  and  "Destillir- 
biicher."  The  volatile  oils,  however,  gradually  taking  the  place  of  the 
distilled  waters,  gained  in  importance.  This  change  was  contempo- 
raneous with  the  transition  from  the  "Destillirbiieher"  to  the  dis- 
pensatories. Although  this  change  was  brought  about  gradually,  it  is 
usually  identified  historically  with  the  appearance  of  the  "Dispensa- 
torium  Norieum"  of  Valerius  Cordus  in  the  year  1546. 

While  in  Wittenberg,  Cordus  was  in  the  babit  of  visiting  with  his 
uncle  who  from  1532  to  1560  was  proprietor  of  the  "Salomo-Apotheke" 
in  Leipzig.  Here  he  seems  to  have  taken  an  active  interest  in  the  art 
of  distillation  and  in  making  chemico-pharmaceutical  preparations. 
At  Ralla's  instigation  and  with  his  assistance,  Cordus  collected  tried 
formulas  for  the  preparation  of  distilled  waters  and  other  current 
pharmaceutical  preparations.    These  were  published  by  Balla. 

This  compilation,  and  still  more  his  lectures  on  the  materia  medica 
of  Dioscorides  as  well  as  his  "Historia  Plantarum"  published  in  1540, 
had  established  the  fame  of  the  young  scholar.  On  one  of  his  botanical 
excursions,  Cordus  appears  to  have  stopped  at  Niirnberg  where  he 
received  due  attention  in  medical  circles.  In  1542  the  council  of  that 
city  charged  him  with  the  preparation  of  a  dispensatory  for  the- 
guidance  of  physicians  and  apothecaries  of  that  municipality.  This 
task  Cordus  accomplished  with  the  aid  of  his  uncle  Balla  and  of  Caspar 
Pfreund,  a  friend  and  able  apothecary  at  Torgau.  The  book  was 
favorably  received  by  the  council  of  Niirnberg  and  was  published 
in  1546,  two  years  after  the  death  of  its  author.  Several  editions 
appeared  in  rapid  succession,  the  third  Niirnberg  edition  bearing  the 


■>  Spiegel  iler  Anoel;  and  Reformatio  a  der  Apotheken. 
8}  Annotations  de  Hlmplldbus. 
*)  Retormlrte  deutacbe  Apotbek. 
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date  1548.  As  an  authoritative  treatise,  the  book  seems  to  have  found 
general  recognition.  It  wan  frequently  reprinted,  both  in  its  original 
form  and  with  the  additions  made  by  Conrad  Gesner. 

The  long  title  of  this  work  was  abbreviated  to  "Dispensa  tori  urn 
Noricum"1)  and  it  is  commonly  regarded  as  the  first  German  pharma- 
copoeia, though  this  is  not  quite  true.2)  It  was  recognized  as  standard 
op  to  the  close  of  the  seventeenth  century,  although  it  had  to  share 
honors  with  the  Augsburg  Pharmacopoeia  of  Adolph  Occo,  and  several 
other  local  pharmacopoeias.8) 

Notwithstanding  the  want  of  a  clear  understanding  of  the  nature  of 
the  distilled  oils  during  the  whole  of  the  sixteenth  and  part  of  the 
seventeenth  centuries,  their  preparation  was  fostered  and  their  use  in 
medicine,  the  arts  and  in  the  household  increased.  Among  the  medical 
experimenters  and  writers  of  this  period,  Johann  Whither,8)  professor 
of  medicine  in  Strassburg,  seems  to  have  distilled  a  large  number  of 
the  more  common  volatile  oils  with  great  care.  Moreover,  the  dis- 
tillation of  aromatic  waters  and  volatile  oils  was  being  conducted 
principally  in  the  pharmaceutical  laboratories  where  both  the  process 
and  the  utensils  were  variously  improved  in  the  course  of  time. 

In  addition  to  the  Numberg  and  Augsburg  pharmacopoeias  and 
similar  authoritative  works,  the  municipal  price  ordinances,  which  since 
the  sixteenth  century  were  issued  in  various  cities  to  regulate  the  sale 
of  drugB  and  spices,  are  reliable  sources  of  information  concerning  the 
introduction  of  distilled  oils  into  medicine  and  the  arts.  As  documents 
they  are  of  similar  importance  to  the  price  lists  of  modern  wholesale 
merchants  and  manufacturers. 

The  following  list  has  been  prepared  with  the  aid  of  the  previously  dis- 
cussed historical  documents.  *)  It  should,  however,  be  definitely  under- 
stood that  the  dates  given  are  not  necessarily  those  of  the  first  intro- 
duction or  use,  but  those  of  their  legal  recognition  as  articles  of  commerce. 


■  )  Comp.  Bibliography. 

>)  See  Ortloff  v.  Bayrland,  Annelbueb. 

')  See  Bibliography:     Pharmacopoeias  of  Aagsburg,  Antwerp-  Cologne  and  Mots. 

*)  In  addition  to  the  "DestlMrbncher"  previously  mentioned,  the  following  ph&raia- 
eopodnl  works  bare  been  need  In  the  compilation  of  thin  list:  Of  the  "Dispensa to rlum 
Noricum"  tbe  editions  of  1546,  1003,  1559,  1568,  1580.  1589.  1592  and  1013;  of  tbe 
"Pbarmacopoea  Angustana"  the  editions  of  1680,  1B97  and  1640;  and  the  "Dlspensa- 
torlum  Brandenbarftfcum"  of  1698. 

Of  the  large  number  of  municipal  price  ordinances  the  following  were  consulted: 
Franklort-on-the-Ualn,  for  1082.  1587.  1668,  1710;  NDmberg,  for  15,12,  1(118,  1634, 
1644,  1653;  Worms,  1582;  Stramburg,  15S6;  Wittenberg,  1599,  1682;  Ha.lbersts.dt, 
1607,  1697;  Halle,  1648,  1700;  (Tim.  1649;  Bremen.  1644.  1664:  Dresden,  1652; 
Lslpilg,  1669,  1689,  1694;   Berlin,  1574;  Cologne,  1028. 

Oils  of  animal  origin  are  not  Included  In  this  list.  s 
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Distilled  oils  known  and  in  use  i 
Up  to  the  beginning  of  the  sixteenth  century: 

The  oils  of  benzoin,  calamus,  cedar  wood,  costus  root,  inastix,   rose, 
rosemary,  Sage,  spike,  turpentine,  juniper  wood,  frankincense,  cinnamon. 

To  these  were  added : 
From  1500  to  1540: 

The  oils  of  lignaloes,  angelica,  anise,  cardamom,  carpobalsam,1) 
cubeb,  wild  caraway,  fennel,  caraway,  libauotis,  lovage,  mace,  nutmeg, 
1'nstinacn  B&tiva  L.,    pimpinella,  pepper   (from    Piper   nigrum),    celery, 
sandal  wood,  juniper  berries,  juniper  tar  (Oleum  c&rtinum),  mastix. 
From  1540  to  1589: 

The  oils  of  elecampane,  ammoniac,  horehound,  anime,  aeafet.ida, 
basilicum,  bdellium,  mountain  melissa  (Calaminta  montaua),  mountain 
thyme  (Thymus  aeinos),  amber,  citrus,  coriander,  "coetiver",  dill, 
origanum,  sweet  marjoram,  elenii,  galbanuin,  galangal,  guaiac,  chamo- 
mile, Roman  chamomile,  spearmint,  labdauum,  lavender,  lemon,  spoon- 
wort,  laurel,  "marum  vernm",  marjorum,  balm,  mints,  carrot  seeds, 
feverfew,  cumin,  myrrh,  cloves,  opopauax,  parsley,  pepper  (from  Piper 
longnm),  summer  savoy  (Satureja  horteuais),  European  penny-royal, 
orange  peel,  tansy,  wild  thyme,  rue,  rhodium,  sagpenum,  sandarac, 
sassafras,  false  cumin,  storax,  tacaraahac,  tar,  thyme,  iris,  worm- 
wood, hyssop,  zedoary  (root),  saffron,  grains  of  paradise. 
From  1589  to  1607: 

The  oils  of    Chaerophyllum    buiboaum,    peppermint,    savin,    white 
mustard,  seseli,  zedoary  (flowers). 
From  1607  to  1652: 

The  oils  of  ginger,  arbor  vitae,  costmary  (Tanaeetum  halsamita). 
From  1652  to  1672: 

The  oil  of  cow-parsnip  (Her&cleum  sphomlyhum),  cascarilla,  cypress, 
Anthrieeua  cerefolium,  Enpatorium  cannabinum,  black  mustard. 
From  1672  to  1708: 

The  oils  of  valerian,    bergamot,   mug  wort,  box-tree,   masterwort, 
neroli,  Oleum  templinum  (from  Pinus  pumilo). 
From  1708  to  1730: 

Bitter  almond  oil8)  and  oil  of  cajepat. 

i)  S«e  footnote,  p.  28. 

■)  Bitter  almunii  oil  and  several  other  polaonoue  oils,  euch  as  cherry  laurel  oil  were 
excluded  from  general  commerce  on  account  of  their  poisonous  properties.  Hence  they 
do  not  appear  In  the  price  ordinances.  Inasmuch  n«  they  were  not  used  medicinally 
when  they  first  became  known,  they  do  not  appear  In  the  pharmacopoeia!  treatises. 
Both  of  the  above  mentioned  oils  were  known  before  the  middle  of  the  sixteenth 
century,  bitter  aliiioajl  ol)  even  during  the  middle  ages. 
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As  has  already  been  shown,  the  art  of  distillation,  particularly  as 
applied  to  volatile  oils,  made  considerable  progress  daring  the  sixteenth 
century.  The  knowledge  of  the  nature  of  the  oils  themselves,  however, 
made  but  little  genuine  advance.  During  the  seventeenth  century  the 
conditions  for  advancement  were  even  less  favorable  .than  during  the 
sixteenth.  The  thirty  years'  war,  which  affected  so  many  European 
countries,  well  nigh  crushed  Germany  and  for  almost  a  century  stag- 
nated the  scientific  and  industrial  life  of  the  nation.  In  many  instances, 
traditional  knowledge  of  the  arte  and  trades  became  lost.  Superstition 
flourished  and  with  it  alchemy.  During  the  seventeenth  century  there 
were  more  alchemists  in  Germany  than  during  the  two  previous  ones. 
The  war  had  produced  a  lack  of  funds  at  the  courts  so  that  these 
became  a  productive  field  for  cultivation  by  the  adepts.  But  few  of 
these  attained  practical  results  of  any  kind.  Among  the  few  was 
Boettger  (1685—1719)  who  instead  of  transmuting  baser  metals  into 
gold  succeeded  in  making  porcelain.  That  under  such  conditions  science 
could  make  but  little  progress  is  self-evident.  Indeed,  scientists  and 
physicians  as  well  as  all  classes  of  intelligent  society  were  either  open 
or  secret  adherents  of  the  theory  of  transmutation. 

While  the  desire  to  convert  the  baser  metals  into  gold  once  more 
became  well  nigh  universal,  there  were  a  few  who,  away  from  the  seat 
of  war,  cultivated  science  and  with  it  the  art  of  distillation.  Among 
these  are  Joh.  Baptista  van  Helmont  in  Brussels  (1577—1644),  Johann 
Rudolph  Glauber  in  Amsterdam  (1601—1668),  Nicolas  Lemery  in  Paris 
(1645—1715)  and  Wilhelm  Romberg  in  Paris  (1652—1715). 

About  this  time  salt's  were  added  to  the  water  in  the  still,  e.  g. 
common  salt,  potash,  alum,  tartar.  The  idea  was  to  make  the  water 
heavier  and  thus  prevent  the  plants  from  settling  to  the  bottom  and 
being  burnt.  Possibly  it  was  found  that  in  some  instances  a  larger 
yield  of  oil  was  obtained.  Glauber  also  made  similar  use  of  muriatic 
acid. 

These  presumptive  improvements,  however,  did  not  raise  the  art  of 
distillation  in  general  above  the  basis  of  empirical  experimentation,  and 
the  seventeenth  century  closes  without  having  made  any  material  con- 
tribution to  the  history  of  volatile  oils.  Neither  did  the  eighteenth 
century  have  much  to  add.  The  phlogistic  theory  conceived  by  J.  J. 
Becher  (1635—1681)  and  logicaly  worked  out  by  G.  E.  Stahl  (1660— 
1734)  failed  altogether  in  throwing  new  light  on  the  organic  world  and 
thus  could  not  assist  in  a  better  understanding  of  the  composition  of 
volatile  oils. 
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l|i'lii'Wi>tl  prtiHiiw*,  htmvwr,  In  the  manufacture  and  use  of  volatile  oils 
la  In  tin  wtinhul  daring  thi<  i<i|rhtwnth  century.  The  technique  of  distilla- 
I  Ion  whm  Imnmvml  tu  t  lit'  laboratories  of  the  apothecary  shops  where  the 
t>ll«  wciv  largely  dlslitled  and  a  better  product  was  prepared.  The  oils 
found  application  not  only  in  medicine,  but  also  in  the  art*  and  in  the 
household.  The  number  of  oiln  mentioned  in  municipal  price  ordinances 
and  other  literature  up  to  15(10  had  been  only  thirteen:  in  1540  the 
mini  tier  hud  increased  to  thirty-four  and  in  1589  to  one  hundred  and  eight 
oils.  The  " Dispen satorium  Norieum"  of  Cordus  mentions  only  three  oils 
in  15+3;  the  edition  of  1552  mentions  five;  that  of  1503  six;  and 
that  of  1589  fifty-nix  oiln.  In  1708  one  hundred  and  twenty  oils  are 
mentioned  in  the  price  ordinances  of  that  time. 

The  distillation  of  pure  volatile  oils  and  the  skill  to  mix  them  no 
as  to  produce  agreeably  fragrant  mixtures,  not  only  stimulated  the 
improvement  of  methods  of  preparation,  but  also  their  use  for  purposes 
of  comfort  and  luxury.  As  has  already  been  indicated1)  a  volatile  oil 
industry  seems  to  have  developed  from  small  beginnings  in  southern 
France  during  the  fifteenth  and  sixteenth  centuries  with  the  distillation 
of  lavender  and  rosemary  oils.  In  like  manner,  the  perfume  industry 
seems  to  have  had  its  origin.  The  preparation  of  "Hungarian  water" 
in  the  sixteenth  century  by  making  an  alcoholic  distillate  from  fresh 
rosemary  has  already  been  referred  to.')  During  the  seventeenth 
century,  a  "Karmeliter  Geist."  an  alcoholic  distillate  from  balm  and 
lavender,8)  was  introduced.  In  1725  Johann  Maria  Farina  of  Cologne 
introduced  his  famous  fiVtu  de  Cologne.  The  successful  mixture  of 
several  odors  and  the  prime  quality  of  the  oils  used  proved  an 
important  stimulus  to  the  manufacture  of  these  oils.4)  From  these 
small  beginnings  the  perfume  industry  gradually  developed  into  the 
importnnt  position  it  has  held  since  the  middle  of  this  century. 

With  the  increased  importance  of  the  volatile  oils,  more  attention 
was  bestowed  upon  their  nature  and  composition.  Boerhaave,  who  at 
the  beginning  of  the  eighteenth  century  was  professor  of  medicine, 
botany  and  chemistry  at  the  University  of  Leyden,  in  his  treatise  on 
chemistry  states  that  volatile  oils  consist  of  two  elements:  the  one 
cruder  and  resinous,  insoluble  in  water  {mater);  the  other  more  subtle, 
ethereal,  which  can  scarcely  lie  weighed  and  which  by  itself  is  possibly 
gaseous  (epiritus  rector).  The  first  part  he  considered  to  be  common 
to    all    oils    and  a  unit  by  itself.     The  characteristic  odor  and  taste. 
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however,  of  the  various  oils  were  due  to  the  epiritue  rector  which  waa 
peculiar  to  each  oil.  It  was  water  soluble  and  therefore  gave  to  the 
distilled  waters  their  odor,  taste  and  medicinal  virtue.  The  changes 
produced  in  volatile  oils  upon  exposure  to  air  and  light  were  attributed, 
in  harmony  with  this  theory,  to  the  escape  of  the  apiritus  rector.1) 

This  conception  was  perfectly  iu  harmony  with  the  belief  in  the 
subtle  properties  and  medicinal  virtues  of  aromatic  plant  substances 
and  their  aqueous  distillates.  With  the  assumption  of  the  water 
solubility  of  the  spiritua  rector  the  distilled  waters  were  naturally 
regarded  as  being  charged  in  the  highest  degree  with  the  medicinal 
properties  of  the  crude  drugs  Boerhaave's  dualistic  theory  was 
therefore  received  as  lie  most  rational  explanation  of  the  firmly  estab- 
lished belief  in  the  effimcy  of  distilled  waters,  and  was  also  accepted  as 
a  further  argument  for  their  retention  in  medicine.  Even  after  the  anti- 
phlogistic nomenclature  came  into  vogue  after  1787,  the  spiritua  rector 
was  not  discarded,  being1  rebaptized  as  a.r6mt>. 

The  first  chemists  who  discarded  the  dualistic  theory  of  the  volatile 
oils  in  their  writings,  and  claimed  that  odor  and  taste  are  due  to  the 
oil  as  such,  are  T.  A.  C.  Gren,3)  Professor  of  Medicine  in  Halle,  and  the 
French  chemist  Ant.  Francois  de  Fourcroy")  of  Paris.  The  former 
exposed  the  untenability  of  Boerhaave's  theory  in  1796,  the  latter  in 
1798.  Iudeed  Fr.  Hoffmann  (1660—1742),  a  contemporary  of  Boerbaave 
and  professor  at  Halle,  had  not  accepted  the  latter's  theory  without 
reserve.  A  many-sided  investigator  and  writer,  he  had  prepared  and 
studied  the  volatile  oils  with  great  care.4)  Yet  he  had  no  clearer 
conception  concerning  the  preparation,  yield  and  properties  of  the  oils 
than  his  contemporaries.  He. distinguished  between  oils  obtained  by 
expression,  by  deatillatio  per  ascenaum  and  per  desceDaum.*)  He 
regarded  sulphur  as  a  fundamental  principle  of  all  oils,  the  bituminous 
and  empyreumatic  oils  containing  a  relatively  large  amount  of  sulphur.0) 
He  also  believed  that  the  color  and  odor  of  oils  was  influenced  by  their 
larger  or  lesser  sulphur  content. 


i)  Boerhaave ;  Element*  chemise,  vol    2,  p.  134. 

*1  GrundrlM  d.  Ctaemle,  vol.  2.  p.  217. 

•)  Ann.  de  f  nlmle,  25.  p.  2S2 :  also  Systeme  des  connalssanres  chlmlque. 

*)  Opera  omnia.     See  Bibliography. 

«)  The  tlrstlllntlo  per  macensum  corresponds  to  the  method  no\y  generally  used, 
allowing;  the  vapors  to  pans  upwards  In  the  still  and  removing  them  from  above.  In 
the  doatlllatto  per  daKensam  the  vapors  were  forced  downward  through  the  material 
and  collected  In  a  receptacle  underneath  the  still.  An  Incomplete  extracUon  was  thus 
effected.     (Comp.  chapter  8.) 

>)  Opera  omnia,  torn  4,  liber  1.  p.  449— 461. 
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It  should  be  of  interest  to  note  that  camphor  which  had  been 
regarded  as  a  volatile  organic  salt,  was  pronounced  by  Hoffmann  to 
be  a  congealed  volatile  oil.1)  He  also  made  the  observation  that  most 
of  the  commercial  oils  of  his  time  were  adulterated  with  turpentine 
oil,  oleum  villi,  alcohol  and  fatty  oils.*)  Further  he  determined  the 
yield8)  and  specific  gravity*)  of  many  oils,  Glauber's  suggestion  that 
oils  which  had  become  colored  by  age  be  rectified  with  dilute  hydro- 
chloric acid8)  was  opposed  by  Hoffmann.  He  declared  the  employment 
of  spiritue  sa/is,9)  dilute  sulphuric  acid,')  potash,  tartar  and  alum8)  in 
the  distillation  of  volatile  oils  as  useless,  but  consented  to  the  use  of 
common  salt.  He  argued  that  the  addition  of  salt  facilitated  the 
separation  of  the  oil  particles  and  prevented  dafcy ;  that  it  made  the 
water  "heavier"  and  thus  prevented  the  settling  and  burning  of  the 
plant  material;  that  it  also  purified  the  distillate.9) 

In  some  instances  recourse  was  again  taken  to  the  process  of 
fermentation  before  distillation  which  was  in  vogue  during  the  fifteenth 
and  sixteenth  centuries.  This  was  done  e.  g.  with  juniper  berries, 
wormwood,  sage  and  other  herbs,  honey  and  yeast 10)  occasionally  being 
added.  The  old  practice  of  previously  moistening  the  plant  material 
with  alcohol11)  was  also  resorted  to.  In  this  manner  a  larger  yield  of 
oil  was  obtained  but  it  would  seem  that  the  dilution  of  the  oil  with 
alcohol  was  not  recognized.  Downward  distillation  (destillutio  per 
deucemum)  was  applied  by  Hoffmann  12)  in  the  preparation  of  oils  with 
high  specific  gravity  such  as  the  oils  of  cinnamon  and  cloves.  This 
method  was  evidently  regarded  as  being  better  because  the  dark  colored 
oils  thus  obtained  were  supposed  to  contain  more  sulphur. 

With  the  increased  use  of  volatile  oils  during  the  first  half  of  the 
eighteenth  century  it  became'  more  and  more  desirable  not  only  to 
prepare  oils  of  good  quality  but  to  obtain  the  largest  possible  yield  as 
well.    As  guides  there  appeared  new  treatises  on  distillation  which  had 

i)  Opera  omnia.    Liber  72.    Observatlo  1R,  p.  14— BO. 

S)  Ibidem.     Uber  67.    Obeerratlo  2,  p.  O— It. 

")        "  "      65.  "  1,  p.  1—9. 

*)        •■  "      72.  "  8.  p.  27—30. 

oj  Ulauberll,  Furul  dotI  philosophic!,  parn  I.  pp   S3,  86  et  11;  et  pare  8,  p.  BU. 

»)  Ibidem.  Pare  1,  p.  86'.  Crude  hydrochloric  arid  prepared  by  distillation  ol  salt 
with  alum  or  aulphurtc  arid. 

J)  Crell'B  Cbem.  Journ.,8.  p.  80.— Pfall,  SyHtem  der  Materia  medlea  (1815),  vol.  4. p.  00. 

")  Ulauberll.  KurnJ  diivI  philosophic!,  pant  1,  p.  8W ;  et  pant  8,  p.  81. 

•)  Hoffmann.  Opera  omnia.    Sup  piemen  turn  secundum.     Para  1.  p.  780. 

io)  Berl.  Jabrb.  I,  Pharm.,  1804.  p.  380. 

><)  Demachy,  Laborant  Im  Uroseen,  p.  888. 

■i)  Hoffmann,  Opera  omnia,  lorn.  4,  lib.  1.  p.  449— 131.  —  Nupplemcntum  secundum. 
para  1,  p.  780. 
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little  more  than  the  title  in  common  with  the  older  DeatillirbUcheT.  Of 
these  the  works  of  Rurghart,1)  Dejean  and  Demachy1)  may  here  be 
mentioned. 

Following  the  lead  of  Winther,*)  Boerhaave  and  Hoffmann,  a  number 
of  investigators  of  the  eighteenth  century  ascertained  the  yield  of  oil 
obtainable  from  the  more  common  aromatic  plant  products.  Of  these 
the  following  deserve  special  mention:  Joh.  Fr.  Cartheueer8)  (1704 — 
17G9),  Professor  of  Medicine,  Botany  and  Chemistry  at  the  University 
of  Frankfurt- on-the-Ode r ;  Caspar  Neumann*)  (1683 — 1737),  a  Berlin 
apothecary ;  Claude  Joseph  Geoffroy,6)  a  Parisian  apothecary ;  and 
Francois  Rouelle0)  (1703—1770).  Their  experiments  were  conducted 
on  "a  small  scale  and  with  simple  apparatus.  Their  results,  however, 
published  in  their  works  and  in  journals,6)  were  regarded  as  standard 
and  were  quite  generally  introduced  into  the  literature  on  the  subject. 
Through  the  dispensatory  of  the  English  physician  and  chemist, 
William  Lewis,7)  the  results  of  the  above  mentioned  investigators  and 
of  others  found  their  way  into  English  literature. 

Aside  from  the  publications  already  mentioned,  the  interest  shown  in 
the  study  of  volatile  oils  toward  the  close  of  the  seventeenth  and  during 
the  course  of  the  eighteenth  century  is  possibly  best  shown  by  the  number 
of  dissertations  on  the  subject  which  were  written  at  German  universities 
under  the  stimulus  of  a  number  of  university  teachers.  The  more 
important  ones  are  herewith  enumerated : 
1670.    'De  oleorum  destitlatiorum  Datura  et  uhu  in  genere."    Dissertatio  ab 

David  Kellner.     Helmatadii. 
1696.    "De  oleia  deBtillatis."    Dissertatio  ab  Henrico  Rosenberg.    Jenae. 
1744.    "De  oleie  destillatis  empvreuniaticia."    Dissertatio  ab  Christian  Lindner. 
Fmncofurti  ad  Viadrum. 


i)  See  Bibliography. ' 
J}  See  p.  81. 

')  See  works  enumerated  under  Bibliography. 

*)  In  the  second  volume  of  hie  Chymla  raedlea,  etc. 

«)  Memoirs*  de  I'Acsdemle  Iloyale  den  Sciences  de  Paris,  1780—1760. 

•)  la  1780,  Bemler  of  Erfurt  collected  And  tabulated  the  observation*  relative  to 
the  yield  and  properties  or  volatile  oils  published  np  to  that  year.  A  similar 
tabular  compilation  taking  Into  consideration  also  the  origin  ot  the  olla  was  published 
In  the  ''Journal  de  pharroacle"  lor  August  1884  by  Raynaud  ot  Paris  In  connection 
with  the  Industrial  exposition  of  the  previous  year.  A  German  translation  appeared 
In  Buchner's  "Itepert.  d.  Phurm."  for  188!".,  vol.  ftl,  p.  ft*.  Two  further  treatises  on 
this  subject  appeared  by  G.  H.  Zelier  In  IHflO  and  Hi.'i.i  respectively  In  the  "Jahrhuch 
fur  jiraktlsche  Pharmacle  und  verwandte  Facher."  The  former  appeared  also  as  a 
separate  under  the  title  ol  "Studten  liber  Btherlsche  Oele."  Landau,  1SB0:  the  latter 
under  the  title  "Auebeute  und  Daratellung  der  Btherlsclien  Oele."    Htuttgart.  185ft. 

')  See  Bibliography. 
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1744.  ''lie  Sills  volatili  oleoso  golido  in  oleis  aebhereis  noDUUiiquam  reperro.7' 
Dissertatio  ab  Fr.  Gunther.    Francolurti  ad  Yiadrurn. 

1745.  "De  oleis  vegetabilinm  esseutialibus."  Dissertatio  ab  A.  Fr.  Walther. 
Lfpalae. 

1746.  "De  spiritu  rectore  in  regno  animali,  vegetahili  et  fossili,  atmosphaerico." 
Dissertatio  ab  Gottfried  An  Xhora.     Leydae. 

1747.  ''De  uleoriun  dentil  latum  m  usu  mnltiplice  principue  in  castas."  Dis- 
sertatio ah  Joh.  Paul  Ziegler.    Altorfli. 

1748.  "Dissertatio  cbeniica  inauguralis  sisteris  Llosimasiam  eoncretionum  in 
nonnullis  oleis  aethereis  observatum"  ab  F.  Hagrni.    Etegiomoiitanae. 

1752.  ''De  oleis  esseutialibus  aethereis  eoruniiiue  modo  operandi  et  usu."  Dis- 
sertatio ab  Job  aim  Friadr.  Vangerow.    Hallae. 

1751).    "De  oleis  destitlatis  aethereis."  Dissertatio  ab  Fr.  W.  Eiken.    Helmstadii. 

17fi5.  "De  pa-rtibus  oleorum  aethoreorum  constitutivie."  Dissertatio  *  ab 
Johannes  Christ.  Schmidtius.    Jenae. 

1765.  "lie  partibus  oleorum  aethereornm  constitutivis."  Dissertatio  ab  J.  Fr. 
Faselius.    Jenae. 

1705.  "De  oleis  vegetabiliuui  esseiitialibus,  eorumque  partibus  constitutive." 
Dissertatio  ab  W.  B.  Troinmedorff.    Errurti. 

1778.  "De  adulterationibus  oleum  aethereornm.  Dissertatio  ab  K.  W.  Chi'. 
M  ii  1 1  er .    G  oot  tin  gen . 

The  investigation**  reported  in  these  dissertations,  however,  rest  on 
false  premises  and,  therefore,  produced  no  valuable  results.  Research 
based  on  the  phlogistic  theory  and  the  doctrines  of  Boerhtiave  and 
Hoffmann  concerning  the  constitution  of  volatile  oils,  could  hardly  be 
expected  to  yield  results  of  any  importance.  How  crude  the  notions 
concerning  the  chemical  nature  of  volatile  oils  were  even  at  the  time  of 
Scheele,  is  shown  in  a  dissertation1)  of  the  year  17G">  accepted  by  the 
University  of  Jena.  From  it  the  following  propositions  or  conclusions 
are  quoted: 


"The  essential  constituents  of  volatile  oils  are  of  two  kinds,  solid  and 
liquid.  T*>  the  first  class  belong  sulphur,  phlogiston,  earth  and  salts;  to  the 
second  class  air,  fire  and  water.  The  presence  of  the  first  is  revealed  by  the 
inflammability  ol  the  oils,  for  every  object  that  burns  with  a  flame  contains 
much  sulphur  or  phlogiston.  The  color  as  well  as  the  coloration  of  the  oil 
likewise  argue  in  favor  of  their  presence.  Some  oils  are  yellow,  others  green  or 
blue;  with  age,  the  colors  become  darker.  As  is  known,  all  coloration  is  due 
to  particles  of  sulphur  or  phlogiston.  Such  oils  have  a  penetrating  odor,  which 
is  caused  by  their  content  of  volatile  snline  sulphur  particles.  They,  therefore, 
contain,  sulplinr  or  phlogiston  in  sufficiently  large  quantities. 

"In  the  course  of  time  these  oils  are  converted  into  a  resinous  mass,  a 
change  that  is  not  conceivable  without  phlogiston. 
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"Volatile  oils  always  burn  with  a  smoking  flame.  Alt  soot,  however, 
consist*  of  earth,  gait,  water  and  phlogiston.  When  the  oils  are  treated  with 
nitric  acid,  a  residue  of  earth  and  carbon  remains. 

"Some  volatile  oils  have  a  higher  specific  gravity  than  water.  This  is  due 
to  their  larger  content  of  earthy  constituents  and  salts." 

The  crystalline  deposits  formed  in  Home  oils  upon  standing,  also  the 
congealing:  of  certain  oils  at  lower  temperatures,  which  had  been  observed 
by  Valerius  Cordus  in  l."S6t  by  Kunkel  in  IBM.",,  by  J.  H.  Link  in  1717, 
by  Friedr.  Hoffmann  in  1701,  by  Caspar  Neumann  in  1719  and  by 
others,  were  studied.  The  crystalline  parts  were  regarded  as  a  volatile 
salt,  later  as  a  camphor  peculiar  to  eae.h  oil,  at  times  also  as  benzoic 
acid.1)  Hoffmann  explained  the  congealing  of  oils  of  rose,  anise  and 
fennel  by  assuming  the  formation  of  a  curdled  modification  of  the  oil. 
Neumann  in  1719  and  Geoffroy  in  1726  regarded  the  crystals  formed 
upon  standing  as  camphor.2)  The  formation  of  such  crystals  was 
observed  in  the  oils  of  thyme,  cardamom  and  marjoram  hy  Neumann:8) 
in  peppermint  oil  by  Gaubius*)  of  Leyden  in  1770;  in  oil  of  mace  by 
Wiegleb")  in  1774;  in  the  oils  of  lavender,  rosemary,  sage  and  marjoram 
by  Arezula6)  in  17H5.  They  regarded  these  separations  as  varieties  of 
camphor,  only  Wiegleb  thought  them  to  be  peculiar  combustible  salts.7) 

In  1703  and  1794  Margueran  studied  the  action  of  frost  on  volatile 
oils  and  observed  the  formation  of  crystals  and  congealing  in  connection 
with  a  number  of  the  more  common  oils.1*) 

The  study  of  the  act  ion  of  various  reagents  on  volatile  oils,  which 
was  l>egun  about  the  middle  of  the  seventeenth  century,  yielded  hut  a 
superficial  insight  into  their  nature.  The  repeated  distillation  of  oils 
over  chalk  or  burnt  lime,*)  conducted  by  the  excellent  chemist  Homlierg 
about  the  year  1700,  produced  no  results  whatever.  The  aetion  of 
strong  acids  had  been  observed  by  Glauber10)  as  early  as  1<}((3.    The 

I)  Hagen.  "Dlmertatlo  chemlca  In  augural  In  HUtrnu  duainiaalnm,  concretlonum  In 
DonnulllH  oleln  aethereln  obaervatorom."    Ilegiomuntanae  17+8. 

P.  J.  Macnnwr'H  "  Diction  naire  tie  Chrmla."  Germ,  trannl.  by  J.  U.  Leon  hard  I.  Vol. 
4,  p.  4B3,  loot  now  9. 

>>  Mem.  de  I'Acad..  1720.  p.  03. 

a)  De  aallbuH  ileal!  no  fills  et  camphora.     Benilln]  1727.  p.  105. 

*)  Adveraariornm  rarll  argument!  liber  unua.     Lelda?  1771.    Kwtlo  7,  p.  09—112 

B)  VogelH  Lehreawp  der  Chenile.  i  H+M. 

■1  Resultoto  de  la»  eiperlent-aR  hacbaw  unbtv  nlranfor  de  Murcia  con  lloencla.  En 
Segovia  1780. 

7]  Cornp.  Vogei's  Lehrafttie  iler  Chenile.  edited  by  Wiegleb. 

»)  Jour,  de  chlm.  et  de  phjra.,  2.  p.  ITS;  CraU's  Chem.  Ann.,  a.  pp.  10S.  Ml 0  and  430. 

•)  Mem.  de  I'Aead..  1T00,  p.  20K;  and  1701,  p.  120:  almi  Chem.  u.  botnn.  Abbmirll.. 
vol.  8.  p.  138-137. 

1°)  ProHperltai  (iertnatilae. 
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effect  of  strong  nitric  acid  on  a  number  ot  distilled  oils  was  studied  by 
Borrichius1)  in  1671,  by  Tournefort*)  in  1698,  by  Hasse")  in  1783; 
that  of  sulphuric  acid  by  Kunkel*)  in  1700  and  by  Homberg5)  in  1701. 
A  more  detailed  study  of  the  action  of  strong  acids  on  volatile  oils  was 
made  hy  Hoffmann8)  and  by  Geoffroy7)  in  1726  and  by  Rouelle8) 
in  1747.  Upon  distillation  of  oils  with  strong  hydrochloric  acid, 
especially  if  the  acid  was  generated  in  an  almost  anhydrous  condition 
in  the  experiment,  it  was  supposed  that  compounds  of  the  oil  with  the 
acid  were  obtained.  Such  a  supposed  compound  was  known  to 
Homberg")  as  early  as  1709.  The  preparation,  however,  of  such  a 
compound  of  definite  chemical  composition  was  first  accomplished  by 
Kind,10)  an  apothecary  in  Eutin,  in  180S  by  the  action  of  hydrogen 
chloride  gas  on  turpentine  oil. 

The  solubility  and  color  of  distilled  oils  also  received  attention 
during  the  eighteenth  century.  Thus  Macquer11)  in  1745  published  his 
investigations  on  the  solubility  of  distilled  oils  in  alcohol,  which  were 
the  most  extensive  on  this  subject.  The  color  of  oils  and  the  changes  in 
color  were  studied  by  Homberg13)  in  1707  and  by  Bindheim18)  of  Moscow 
in  1788.  The  latter  arrived  at  the  conclusion  that  the  color  depends 
on  a  larger  or  lesser  amount  of  resin  carried  over  in  the  process  of 
distillation,  hence  the  darker  colored  oils  are  apt  to  contain  considerable 
resin. 

As  has  already  been  pointed  nut,  tbe  phlogistic  theory  afforded  no 
satisfactory  basis  for  the  study  of  organic  substances  and  consequently 
of  volatile  oils.  With  the  discovery  of  oxygen  by  Scheele  and  Priestley 
during  the  years  1771 14)  to  1774  and  the  ingenious  interpretation  of 
this  and  other  discoveries  by  Lavoisier  with  the  aid  of  the  balance,  a 
reaction  against  the  phlogistic  theory  set  in  which  resulted  in  the 
inauguration  of  the  present  chemical  period.  The  study  of  the  chemical 
constitution  of  substances  was  placed  on  a  rational  scientific  basis. 
Inorganic  chemistry,   having   to    deal    with    the    simpler    substances, 

>)   Acta    med.    et    phi].    Hafln..    1071,  |0>  Tram  median's   Joum.    d.    Plmrm. 

p.  IBS.  11,  p.  182. 

>)  Hint.  reR.  sclent,  scad.,  p.  490.  "I  Mem.  de  r Acini..  1T4B,  p.  4. 

*)  UreH'n  Seueete  Entd.  Id  d.  Chem.,  9.  ")  Chem.  botan.  Abh..  8.  p.  155. 

p.  88;  CreJl'a  Chain.  Ann.,  1,  p.  41T.  '»>  CrtH't  Chem.  Ann.,  1TS8  »..  pp.  219 

*>  Laboratorluro  chymlcum.  p.  847.  Bud  248. 

»)  Chem.  lint.  Abb.,  1.  p.  720.  14)  A     E.   von   Xordenaklftld.   Scheele'x 

»>  Obmrvnt.  phya.-chtm.,  lib.  8.  p.  128.  Nach«elaBsene   Briete  und  AnfM-lcbnunxen, 

i)  Mem.  de  I'Acad.,  1720,  p.  SB.  pp.  xxl,   86,  408,  45S  and  46B;   Pharm. 

»1  Ibidem.  1747.  p.  45.  Randnrhaa,  11.  pp.  28  and  48. 

•)  Chem.  bot.  Abb..  8,  p.  IBS. 
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profited  first  by  the  new  theories  of  the  opponents  of  the  phlogistic 
school.  Organic  chemistry,  and  with  it  the  study  of  the  volatile  oils, 
were  benefited  somewhat  later. 

Though  of  little  consequence,  the  experiment's  of  the  Dutch  chemists 
Deimann,  Troostwyck,  Bond  and  Lauwerenburg 1 )  should  here  be 
mentioned.  They  passed  the  vapors  of  volatile  oils  through  red  hot 
iron  tubes  and  examined  the  resulting  gases.  At  the  same  time  they 
made  the-  bold  attempt  to  synthesize  oils  by  the  action  of  gaseous 
hydrogen  chloride  on  olenant  gas. 

The  first  investigation  suggested  by  the  new  theories  that  was  of 
positive  value,  was  the  elementary  analysis  of  turpentine  oil  made  by 
Houtton-Labilliadiere.11)  He  found  the  ratio  of  carbon  to  hydrogen  to 
be  five  to  eight,  the  same  that  was  later  established  for  all  henriterpenes, 
terpenes,  sesquiterpenes  and  polyterpenes. 

Attention  has  already  been  called  to  the  crystalline  deposits  that 
had  been  observed  in  the  course  of  several  centuries.  These  were  mostly 
considered  as  identical  with  ordinary  camphor  because  like  it  they  were 
volatile,  soluble  in  alcohol  and  fatty  oils,  and  burned  with  a  smoky 
flame.  Only  in  a  few  instances,  however,  had  these  deposits  been 
proven  to  be  identical  with  camphor.  Berzelius,8)  therefore,  argued 
against  the  indiscriminate  generic  use  of  the  term  camphor.  In  its  place 
he  suggested  the  use  of  the  term  stearoptene  (from  <rrmp,  tallow,  and 
uttjvov,  volatile).  He  pointed  out  the  analogy  existing  between  volatile 
and  fatty  oils  in  so  far  as  they  can  be  a  mixture  of  several  oils  having 
different  congealing  points.  Thus  oils  may,  under  favorable  circum- 
stances, be  separated  into  an  oil  which  is  solid  at  ordinary  temperature, 
the  stearoptene,  and  one  which  is  liquid  at  low  temperatures,  the 
elaoptene  (from  ikaiov,  oil,  and  snjvov,  volatile).  The  result  of  this  was 
that  the  solid  deposits  from  volatile  oils  were  thereafter  designated 
alternately  stearoptene  as  well  as  camphor.  Up  to  this  day  the  older 
abuse  of  the  term  camphor  has  not  ceased  as  becomes  apparent  from 
such  words  as  cedar  camphor,  cubeb  camphor,  juniper  camphor,  etc. 
Soubeiran  and  Capitaine4)  even  made  things  worse  by  applying  the 
term  "liquid  camphor"  to  the  liquid  hydrogen-chloride  addition  products 
of  the  terpenes.  After  it  had  been  shown  that  true  camphor  contained 
oxygen,  the  term  camphor  in  its  generic  sense  was  also  applied  to 
other  oxygenated  constituents  of  volatile  oils  though  they  were  liquid. 


')  Journ.  de  ph&rm..  +,  p.  5. 

)  Lehrb.  d.  f  hemic  [S  I.  vol.  8,  p.  : 

n  LleMjt*  Aonalen.  84,  p.  811. 
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In  1H88  Dumas  published  an  ti.rt.icfe  entitled  "Ueber  die  vegetabili- 
sehen  Substanzen,  welche  sich  dem  Campher  nahern  und  fiber  einige 
atherirtche  Oele."1)  Althougb  a  number  of  important  observations  of 
rather  striking  properties  of  individual  oils  had  been  made,  the 
systematic  study  of  the  volatile  oils  may  be  said  to  have  began  with 
the  analysis  of  a  number  of  stearoptenes  by  Dumas.  He  suggested  the 
following  classification  of  volatile  oils : 

1. )  Those  that  consist  of  carbon  and  hydrogen  only,  like  turpentine  oil  and 
oil  of  lemon; 

2.)   Those  that  contain  oiygen,  like  camphor  and  anise  oil; 

it.)  Those  that  contain  sulphur,1)  like  mustard  oil,  or  nitrogen,  like  oil  of 
bitter  almonds. 

The  elementary  analysis  of  solid  peppermint  oil,  camphor  and  solid 
anise  oil  revealed  the  composition  CsHiuXO,  CnHstfO  and  CsHetfO.  By 
doubling  these  formulas  of  Dumas  the  modern  formulas  for  the 
respective  substances  are  obtained.  Of  the  oxygen  free  oils,  he  analyzed 
turpentine  oil  and  the  hydrocarbons  of  lemon  oil,  verifying  the  earlier 
results  of  Houtton  I-abilliardiere.  During  the  years  1H8H — 1H8.1,  Dumas 
published  further  contributions  on  the  subject  of  volatile  oils,  several 
jointly  with  Pelouze  and  Peligot.  They  pertain  to  artificial  camphor 
(pinene  hydrochloride),  mustard  oil.  cinnamon  oil,  terpin  hydrate,  orris 
oil,  pepper  oil,  oil  of  juniper  berries  and  others. 

Almost  simultaneously  with  the  first  publications  by  Dumas, 
Blanehet  and  Sell8)  published  the  results  of  their  investigation  which 
had  lieen  carried  out  in  Liebig's  laboratory  and  which  involve  in  large 
part  the  same  substances  studied  by  Dumas.  The  most  noteworthy 
result  of  these  investigations  is  the  recognition  of  the  identity  of  the 
stearoptene  from  fennel  oil  and  that  from  anise  oil. 

Several  years  later,  in  1H37,  the  highly  important  and  very  inter- 
esting results  of  Liebig  and  Woehler's  work  on  bitter  almonil  oil  were 
published.*)  As  early  as  1H02  Sehrader  anil  Vauquelin  had  discovered 
hydrocyanic  mid  in  the  distillate  of  bitter  almonds.  In  1N22  Rohiquet 
allowed  that  no  volatile  oil  preexisted  in  the  almonds,  and  with  Boutron- 
Charlanl  he  had  prepared  amygdalin  in  IctfiO.    They  hud  not  suci-eeded, 

<>   UvIiIk'h  Annalen,  8,  p.  2411. 

»|  Tbelact  that  imtubtnl  oil  contains  sulphur  wu  recoffnlced  by  Thlblentr  in  1S19 
(Jo  urn.  fie  pharm..  5.  pp.  -20.  4811  anil  446;  TrommHdorlis  Xeum  J  num.  d.  Pharro., 
in,  p.  230.1  That  Hiilphnrvtieil  faydrnRwi  Ih  glvm  off  niirlnK  the  distillation  ol  several 
nmhellirerou*  (niltB.  such  an  carawwy,  dill.  Impel,  etc..  «aa  pointed  nut  by  L.  A.  P Lunelle 
of  Part*  In  1H3II.     (Trom  in  adorn""  X*an  Journ.  d.  Pharm..  T',  p.  BflS.l 

>)   MeblK'x  Anrmlen.  T.  p.  134. 

•  )   Ihldrin.  22.  p.   1. 
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however,  in  preparing  bitter  almond  oil  from  amygdalin.  That  this  is 
decomposed  by  emulsin  into  benzaldehyde,  hydrocyanic  add  and  sugar 
wus  demonstrated  by  Liehig  and  Woehler.  They  also  point  out  that 
the  manner  of  formation  of  mustard  oi!  must  be  closely  related  to  that 
of  bitter  almond  oil, 'for  the  mustard  seeds  deprived  of  their  fatty  oil 
possess  no  odor,  this  being  produced  only  when  water  is  present.  The 
investigation  of  mustard  oil  by  Will1)  in  1H44  sulistantiated  this 
supposition. 

ChemistB  now  became  especially  interested  in  the  action  of  hydrogen 
chloride  on  various  terpenes  and  in  the  resulting  hydrochlorides,  some 
of  which  were  solid,  others  liquid;  also  in  the  study  of  terpin  hydrate 
and  its  decora  position  products.  The  study  of  the  literature  pertaining 
to  these  subjects  is  rendered  difficult  by  the  error  of  regarding  mixtures  of 
several  substances  as  chemical  individuals  and  describing  them  as 
such;  further  by  the  fact  that  almost  every  author,  irrespective  of  the 
work  of  others,  coined  a  nomenclature  of  his  own.  This  confusion 
continued    until    very  recently  when  Wallacb  and  his  disciples  created 

Crystalline  pinene  mono  hydrochloride  had  been  discovered  by  Kindt.8) 
mi  apothecary,  in  1802.  He  regarded  it  as  artificial  camphor,  a  view 
shared  by  Troramsdorff.4)  The  true  composition  of  this  compound  was 
ascertained  by  Dumas  in  1K88.  Crystalline  dipentene  di hydrochloride 
was  discovered  by  Thenard  in  1807.  It  is  the  "salzsnures  Citronen51," 
muriate  of  lemon  oil,  of  Blanchet  and  Sell,  the  artificial  lemon  camphor 
of  Dumas.  These  and  similar  substances  were  investigated  by  Soubeiran 
and  Capitaine  (turpentine  oil),  Deville  {turpentine  oil  and  eleroi  oii), 
Schweizer  (carvene)  and  Berthelot  (turpentine  oil).5)  The  formation  of 
terpin  hydrate  and  the  action  of  acids  on  this  substance  was  studied 
principally  by  Wiggers,  List,  Deville  and  Berthelot.6) 

<)  Ltehlg'e  Annalen.  52.  p.  1.  A  more  complete  Insight  Into  tbe  mechanism  «(  the 
reaction  by  which  muatard  oil  la  produced  «•■■  supplied  by  the  Inter  Investigation*. 
of  Will  and  Koerner  In  1868.     (LleblR'e  Annalen,  12B.  p.  257.)    See  OII  of  Mustard. 

i)  The  historical  development  nt  thin  chapter  of  the  chemistry  of  the  terpenee  !■ 
described  In  "Terpen*  unci  Terpenderlvate,  eln  Beltraa:  fur  Oeechtchte  der  atherlarhen 
Dele"  by  E.  Kramers  (Pharm.  Itundechau,  It,  pp.  :\~>.  110,  15».  21T.  287;  and  10.  pp. 
lO,  81.  ltd;  also  Proe.  Wlec.  Acad.  8c.  Art*  and  Letters,  S,  pp.  812— 882. 

*)  TrommadorR'a  Journ.  d.  Pharm.,  11",  p.  182. 

4)  Ibidem,  p.  180. 

»l  Ol  later  iovofttentoni  nt  this  subject  Oppenhelm  llHSt).  Hell  and  Bitter  ilMH-ll. 
Bonchardat  and  Lafont  (IBKfll,  and   Anally  Wallnch  (1S84— 1SRT)  may  he  mentioned. 

«>  Tbe  same  subject  »m  later  Investigated  by  Oppenbelm  (1SS41.  Flawltiky  <1STB>, 
Tilden  (1S78— 79),  Bouchardat  and  Volry  (18S7).  Here  also  WaUach'a  eiart  invee  ti- 
tration a  revealed  the  fact  that  different  acid*,  an  well  ne  the  same  ncld  In  different 
degrees  ot  concentration,  produce  different  results. 
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A  paper  published  about  this  time  (1841)  by  Gerhard t  andCahours1) 
is  of  special  interest  in  so  far  as  it  contains  a  definition  of  a  volatile 
oil  which  in  a  general  way  holds  good  to-day.  It  also  makes  known  new 
methods  of  investigation.    About  oils  in  general  the  authors  state: 

"There  are,  indeed,  bat  very  few  oils  which  can  be  crystallized;  most  oils 
are  liquid  and  consist  of  a  mixture  of  two  and  even  three  peculiar  su lis tancew, 
which  rarely  are  obtained  by  themselves  when  distilled  at  different  temperatures." 

The  separation  of  the  individual  substances  is  effected  by  first 
allowing  any  solid  constituent  to  crystallize  out,  then  the  lower  boiling 
hydrocarbon  is  isolated  by  distillation  at  a  temperature  20—30°  below 
the  boiling  point  of  the  crude  oil.2)  Inasmuch,  however,  as  the  hydro- 
carbon cannot  be  completely  freed  from  oxygenated  constituents  in  this 
manner  it  is  treated  with  fuBed.alkn.li.  The  oxygenated  constituents  also 
are  subjected  to  like  treatment  with  fused  alkali,  and  cumin  oil  is  thus 
made  to  yield  cuminic  acid,  oil  of  valerian  valerianic  acid. 

Strong  reagents  are  also  employed  by  Bochleder,  Persoz,  Laurent 
and  Gerhardt  in  order  to  obtain  an  insight  into  the  nature  of  volatile 
oils.  They  oxidized  either  the  entire  oil  or  fractions  thereof  with  chromic 
acid  or  nitric  acid.  Their  investigations  included  the  oils  of  valerian, 
sage,  anise,  staranise,  fennel,  cumin,  cinnamon,  tansy  and  estragon. 
The  conclusions  drawn  from  these  oxidation  experiments  were  in  part 
correct,  in  part  wrong.  Thus  e.  g.  Gerhardt  pointed  out  the  identity 
of  dragonic  acid,  obtained  from  estragon  oil,  with  anisic  acid,  and 
claimed  that  estragon  oil  and  anise  oil  were  absolutely  identical.  This 
conclusion  was  wrong,  for  the  anethol  of  anise  oil  is  paramethoxypropenyl- 
benzene,  whereas  the  formation  of  anisic  arid  from  estragon  oil  is  due 
to  the  presence  of  paramethoxyallylbenzene.8) 

This  method,  however,  rendered  it  impossible  to  decide  whether  a 
substance  obtained  after  the  oxidation  preexisted  in  the  oil  or  not. 
Thus  camphor  was  found  in  several  oxidized  oils  and  was  regarded  as 
an  original  constituent  although,  as  was  the  case  in  the  oils  of  valerian 
and  sage,  it  had  resulted  from  b:>rneol.    Persoz,  however,  seems  to  have 

-      1)  Lleblg's  Annalen.  »8,  p.  «7. 

»)  Fractional  distillation,  however,  was  previously  employed  Id  the  examination 
of  volatile  oils.  As  early  as  1888  Walter  had  subjected  peppermint  oil  to  Interrupted 
distillation.  "fcebrochene  Destination"  (Gruellii.  Handbuch  d.  Cbem.  f.4],  vol.  Ta.  p.  4041. 
In  1840  Volckel  (Ueblft'H  Annalen.  35.  p.  SCSI  apeak*  ol  -fractional  distillation." 
Already  Blanchet  and  Sell  In  1HS3  had  applied  fractionation  with  water  vapor  as  a 
means  or  separation  anil  had  found  that  the  first  fraction  of  lemon  oil  boiled  at  1ST°, 
the  iBBt  traction  at  1T«°. 

»>  This  difference  wan  first  ascertained  In  the  laboratory  ol  Scliiramel  &  Co.  ( Berich  t 
H.  «  Co.,   April    1S»2,    p.  IT)   and   verified   by   Orlmaux  In   1S!>3   (Compt.   rend.,  117. 

p.    11K8). 
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hatd  doubts  as  to  the  reliability  of  these  conclusions,  for  he  leaves  it 
undecided  whether  the  camphor  obtained  from  oil  of  tansy  was  contained 
in  the  oil  or  not.  Aa  a  matter  of  fact,  tansy  oil  contains  camphor  as 
an  original  constituent,1)  this  being  less  readily  attacked  by  the  oxidizing 
agents  than  the  other  constituents  of  the  oil. 

Of  considerable  importance  in  the  farther  development  of  the 
chemistry  of  volatile  oils  are  the  investigations  of  Berthelot  from  1R52 
to  X868,  which  involve  principally  the  hydrocarbons  contained  in  these 
oils.  He  studied  first  of  all  the  hydrocarbon  of  turpentine  oil8)  and  its 
isomers  and  polymers  obtained  from  its  hydrochloride.  By  heating 
pinene  hydrochloride  with  barium  stearate  or  sodium  benzoate  he 
obtained  a  new  hydrocarbon  which  he  regarded  as  "camphene  proper"8) 
and  which  is  identical  with  the  camphene  of  to-day.  This  new  camphene 
was  either  dextrogyrate,  laevogyrate  or  optically  ina^.'tive  according  to 
the  turpentine  oil  employed.  Berthelot,  therefore,  distinguished  between 
the  following  hydrocarbons: 

I.)  Terebentene  (1-pinene)  from  French  terpentine  oil,  laevogirate.4) 
b.  p.  161°.  It  yields  a  laevogyrate  monhydrochloridu,  also  under  proper 
conditions  an  inactive  dibydrochloride  (dipentene  d (hydrochloride). 

2.)  Terewtoipftenefl-Mimprieiie)  from  terebentene  hydrochloride,  laevogyrate, 
m.  p.  45°,  b.  p.  160°.  With  hydrogen  chloride  it  forms  a  dextrogyrate 
hydrochloride. 

3.)  Auatratene  (d-pinene)  from  American  turpentiue  oil,  b.  p.  181",  dextro- 
gyrate like  its  hydrochloride.  Its  behavior  to  hydrogen  chloride  is  analogous 
to  that  of  terebentene. 

4.)  Auatrwnmphene  (d-camphitne)  from  austrujene  hydrochloride.  It 
corresponds  to  terecLimphene. 

5.)  Inwtiva  camphene  (i -camphene)  can  tie  obtained  by  proper  treatment 
from  the  hydrochloride  of  terebentene  as  well  as  that  of  austratenc. 

6.     TVraoene,0)  b.  p.  160°. 


i)  Berlcht  von  S.  k.  Co.,  Oct.  1805,  p.  Hi. 

')  Compt.  rend.  50,  pp.  4Bd  and  544;  also  Urblft'e  Annalen,  Suppl.  II,  p.  226. 

»)  Soubelran  ana  Capttalne  In  184(1  had  applied  the  term  camphene  to  all  hydro- 
carbons Calli,  (Llebts  -  Annalen.  «4.  p.  811). 

4)  The  rotatory  power  of  volatile  olla  wan  flrit  observed  hy  Blut  In  1H17  to 
connection  with  French  oil  of  turpentine  (Mem.  d.  I'Acad.  dee  He..  18),  later  also  with 
oil  ol  lemon.  The  tnrpentlne  oil  wa»  ahown  to  be  laevogyrate,  the  oil  ot  lemon 
dextrogyrate.  In  18-1.1,  Leeaon  of  London  lound  that  American  turpentine  oil  poanruied 
a  rotatory  power  opposite  to  that  of  the  French  oil.  Thin  observation  wu  Boon  after 
verified  by  Ptrelro  and  Ouibiiurt.  Parelra  introduced  the  terms  laevo-syrate  and 
dextrogyrate.    (Pharm.  Jonrn.,  5.  p.  TO.) 

s)  Thle  aubetance  which  woe  considered  a  chemical  unit  by  Berthelot  waa  shown 
by  Rlban  to  be  a  mixture  of  a  terpene,  cymene  and  camphor.  Power  and  Kleber  In 
1804  found  camphene,  dipentene,  terplnene  and  cymene  In  terebene.  (Pharm.  Rundseh., 
13,  p.  IS.) 
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These  six  hydrocarbons  are  isomeric  and  have  the  formula  CioHio. 
With  these  the  following  are  polymeric: 

1.)  A  liquid  hydrocarbon  boiling  at  250"  which  is  probably  a  sesqni- 
terebene,  CisHii. 

2.)  Diterebeiie  (Deville's  colophene)  CtoHu,  au  inactive  liquid  boiling  at 
about  300°. 

8.)  Several  polyterebenes  CionHinn,  optically  inactive  liquids  becoming 
more  and  more  viscid,  which  boil  between  860°  and  a  dark  red  heat. 

After  a  discussion  of  the  methods  of  formation  of  the  individual 
hydrocarbons,  Berthelot  continues: 

In  accordance  with  the  known  facts,  the  hydrocarbon  CioHia  — e.  g.  tere- 
bentene — may  be  regarded  as  the  starting  point  of  two  series: 

1.)  01  n  mon atomic  or  cumphul1)  series  (ni  on  ©hydrochlorides  or  chlorine 
esters  of  camphol,  CioHnCJ;  camphene,  Ci0HiB:   camphol  alcohols,  CioHihO); 

2.)  OF  a  diatomic  or  terpil  series  (dihydrociilorides,  CioHinCIj;  terpilene, 
Ci,)H,e;   hydrate  CioHioOa). 

Eiu.li  of  these  two  series  constitutes  a  larger  group,  which  can  be  divided 
into  secondary  series  {anstralene,  terebentene,  etc.)  the  parallel  and  isomeric 
members  of  which  occur  in  twos;  each  has  as  type  an  inactive  hydrocarbon, 
namely  camphene  in  the  first  group,  terpilene  in  the  second. 

A  similar,  but  much  less  detailed  classification  was  attempted  by 
Gladstone2)  in  1804,  after  having  determined  the  specific  gravity,  the 
index  of  refraction  and  the  optical  rotation  of  a  number  of  oils.  By 
means  of  fractional  distillation  he  isolated  the  hydrocarbons  of  various 
oils,  rectified  them  by  distillation  over  sodium  and  arranged  them  into 
three  large  groups: 

1.)    Hydrocarbous  of  the  formula  CmHio  which  boil  between  1B0 — 170°; 

2.)    Hydrocarbons  of  the  formula  CmHx«  which  boil  between  249—260°; 

3.)     Colophene,  l'3oHs),  b.  p.  810°,  representing  the  third  group. 

About  this  time  the  word  terpene  was  introduced,  evidently  by 
KekuhM)  His  investigations,  preceded  by  those  of  Barbier  and  Oppen- 
heim  were  of  considerable  importance,  inasmuch  as  by  revealing  the 
relations  between  the  terpenes  and  cymene,  they  threw  new  light  on  the 
molecular  structure  of  these  hydrocarbons.  Almost  simultaneously 
Barbier*)  (18721  and  Oppenheim5)  (1872)  obtained  cymene  by  heating 
the  dibromide  of  terpin  either  by  itself  or  with  aniline.     By  the  action 

camphol.      Ueblgs    Annalsn, 
n  appeared  eight  year*  later. 


)  Berlchte,  S,  p.  i 
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of  iodine  on  turpentine  oil,  Kekule1)  (1873)  obtained  the  name  hydro- 
carbon. He,  therefore,  thought  himself  justified  in  supposing  tax  atoms 
of  the  turpentine  oil  to  be  arranged  in  similar  manner  as  in  benzene. 
Further  that  the  methyl  and  propyl  groups  in  the  turpentine  oil  occupy 
the  same  relative  positions  as  in  cymene.2)  This  view  of  the  Constitution 
of  the  terpenes  ww  the  predominant  one  for  a  long  time.  With  this 
the  question  of  the  constitution  of  the  terpenes  had  its  origin.  Important 
in  this  direction  was  also  the  Hynthesis  of  a  terpene— the  poly  meriztit  ion 
of  isoprene  to  dipentene— by  Bouchardat8)  in  187u. 

In  the  same  year,  Tilden*)  found  that  the  hydrocarbon  of  turpentine 
oil  combines  with  nitrosylchloride  to  form  a  well  crystallizing;  compound. 
Together  with  Stenhouse,  he  applied  this  reaction  to  the  terpenes  from 
the  oils  of  sage,  orange,  lemon  and  bergamot.  On  the  behavior  of  these 
hydrocarbons  to  nitrosylchloride  he  based  a  new  classification,  concerning 
which  he  makes  the  foil  owing  statement: 

The  natural  terpenes  are  colorless  limpid  liquids  which  vary  in  specific 
gravity  from  about  0.84  to  about  0.86.    They  are  divisible  into  two  groups 

1.  Turpentine  group:  b.  p.  156°  to  100°;  m.  p.  of  niti-oso-derivative 
129";  form  solid  crystalline  hydrated  terpin  t'n/HjnOsHaO. 

2.  Orange  group:  b.  p.   174°  to   17(1°:    iti.  p.  of   i]itrosn-derivative 
71°;  form  (by  Wigger's  process!  no  solid  crystalline  terpin  hydrate."! 

The  liquids  included  in  each  group  are  aliotronic  modifications  of  the  same 
hydrocarbon  distinguished  o»e  from  another  by  tlieir  various  rotatory  action 
on  the  polarized  ray.  It  wilt,  however,  be  found  I  believe  that  the  terpenes 
from  several  different  plants  will  on  further  examination  he  conclusively  proved 
to  be  rally  identical  and  not  simply  isomeric.  This,  I  believe,  to  be  the  case 
with  the  terpenes  from  French  turpentine  and  sage,  also  with  the  terpenes 
from  orange  peel,  bergamot  and  lemon." 

Tilden's  prediction,  that  the  number  of  terpenes  would  lie  shown  to 
be  much  smaller  than  assumed  in  his  days,  has  proven  itself  true.  His 
classiflcatiqn,  however,  was  insufficient,  for  it  included  only  a  small 
number  of  terpenes.  Indeed  the  material  at  hand  was  not  sufficiently 
sifted  for  an  attempt  of  that  kind.  It  consisted  of  a  large  number  of 
disconnected  observations,  the  study  of  which  was  rendered  difficult  by 
an  arbitrary  nomenclature.  Only  by  a  systematic  exploration  of  this 
disorderly  realm  could  a  clear  insight  into  the  subject  l>e  gained. 


i)  Rertchte.  «,  p.  487. 

3)  Kekulfa  formula  for  camphor  wax  bawd  on  the  name  consideration. 

•J  C'ompt.  rend..  SO.  p.  1446. 

*)  Jour.  Chain.  Soc,  US,  p.  514;  Ibidem,  SI,  p.  504:  Pharm.  Journ.,  1*77,  p.  11)1. 

■f  Thia  Htatement  la  Incorrect  [or  dipentene  and  llmoneae  likewise  produce  terpin 
hydrote.  Com  p.  Plflcklger,  Arch.  d.  Pharm.,  2:22,  p.  8S2:  also  Kramers.  Am,  Cbera. 
Join.,  17,  p.  H9B. 


byGoogle 


48  Historical  Introduction. 

That  we  are  able  to-day  to  distinguish  sharply  between  so  many 
terpenes  and  their  derivatives  is  due  primarily  to  the  excellent  experi- 
mental researches  of  Otto  Wallach,  the  founder  of  modern  terpens 
chemistry. 

Inasmuch  as  it  was  impossible  to  isolate  the  numerous  terpenes 
boiling  between  155  and  185°  by  fractional  distillation,  methods  had 
to  be  sought  which  enabled  the  characterisation  of  these  hydrocarbons, 
even  in  mixtures,  by  means  of  crystalline  derivatives.  Only  after  the 
characterization  of  the  numerous  isomers  was  accomplished  was  it 
possible  to  study  successfully  the  relation  of  one  terpene  to  another, 
the  relation  of  the  terpenes  to  their  oxygenated  derivatives,  and  the 
problem  of  their  constitution. 

These  problems  have  been  solved  in  so  far  that  it  is  now  possible  to 
identify  many  if  not  most  terpenes  without  great  difficulty.  The 
inversions,  or  changes  from  one  to  the  other,  are  also  better  under- 
stood. The  problem  of  their  constitution,  however,  iB  still  far  from  a 
satisfactory  solution,  though  structural  formulas  have  been  proposed 
for  a  number  the  terpenes. 

In  1884  Wallach1)  began  his  researches  on  this  subject  with  the 
investigation  of  the  oil  of  wormseed  (Oleum  einae).  Three  years  later 
he  was  in  a  position  to  characterize  eight  terpenes  by  means  of  crystalline 
derivatives  (tetrabromides,  hydrochlorides,  hydrobromides,  nitrosites. 
etc.).  viz.  pinene,  camphene,  limonene,  dipentene,  sylvestrene,  terpinolene, 
terpinene  and  phellandrene.  To  these  fenchene  was  added  later.  The 
sesquiterpenes  were  also  included  in  his  investigations  as  well  as  the 
oxygen  derivatives  of  the  terpenes  with  their  greater  capacity  for 
reaction,  viz.:  cineol,  terpin  hydrate,  terpineol,  pinol,  fenchone,  thujone, 
pulegone,  menthone,  carvone,  methyl  heptenoue,  patchouly  alcohol, 
caryophyllene  hydrate  and  guajol. 

After  Wallach  had  removed  the  principal  difficulties  in  the  investi- 
gation of  volatile  oils,  other  chemists  also  developed  a  successful  activity. 
A.  v.  Baeyer's  valuable  investigations  into  the  constitution  of  the 
terpenes  and  related  compounds  appeared  in  the  Proceedings  of  the 
German  Chemical  Society  since  1HDH.    Whereas  Wallach  and  v.  Baeyer 

i)  Wallach's  contributions  ore  to  be  found  In  tbe  following  volume*  of  Llebbr's 
Annalen:  225,  227,  280.  288.289,  211,  243.  246.  232.  338.  2.18,  959,  268.  304,  368, 
2B9,  270.  271,  272,  273,  276,  277.  278,  279,  281.  284,  2S6,  287.  289,  291,  296.  800, 
802,  803,  806,  809.  Several  papers  from  bis  pen  also  appeared  In  the  Proceedings  of 
tbe  German  Chemical  Society  since  1890.  Of  the  latter,  his  lecture  before  this  society 
In  1S01  In  which  he  presented  «  general  survey  of  his  work  up  to  that  date  should 
receive  special  mention  (Berichte,  24.  p.  1523). 
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investigated  primarily  the  cyclic  compounds,  Semmler  paid  special 
attention  to  chain  compounds.  He  showed  that  the  alcohols  geraniol 
and  linalool  and  the  aldehydes  citral  and  citronella),  which  occur  fre- 
quently in  volatile  oils,  are  chain  compounds;  also  that  they,  like  the 
more  or  less  closely  related  cyclic  compounds,  can  be  converted  into 
cyraene.1)  Other  chapters  of  the  chemistry,  of  volatile  oils  were  included 
in  his  researches,3)  some  of  which  were  conducted  jointly  with  Tiemann.8) 
The  investigations  by  the  latter  and  Kriiger  of  orris  oil  and  irone,  led 
to  the  discovery  of  iouone,  the  artificial  perfume  of  violets. 

In  addition  to  these,  numerous  other  chemists  have  investigated  the 
composition  of  volatile  oils  and  the  constitution  of  their  constituents. 
la  eo  far  as  their  results  pertain  to  the  composition  of  volatile  oils, 
their  result*  are  included  in  the  special  part  of  this  treatise. 

The  constitutional  problems  involved  in  the  study  of  the  terpenes 
and  their  derivatives  are  among  the  most  difficult  of  organic  chemistry 
because  of  the  readiness  with  which  rearrangements  within  the  molecule 
take  place  under  the  influence  of  ordinary  physical  and  chemical  reagents. 
A  typical  example  of  some  of  the  difficulties  involved  may  be  had  in 
ordinary  camphor.  Although  investigators  had  an  almost  unlimited 
supply  at  their  disposal  and  in  spite  of  the  fact  that  many  chemists 
have  been  incessantly  investigating  this  compound  for  several  decades 
in  order  to  obtain  an  insight  into  its  constitution,  the  views  held  with 
regard  to  its  structure4)  are  still  divided. 

This  brief  history  of  volatile  oils  would  not  be  complete  without 
some  reference  to  the  literature  on  the  subject  since  the  beginning  of 
this  century.  So  long  as  the  volatile  oils  were  principally  prepared  in 
the  laboratories  of  apothecary  shops,  the  description  of  the  oils  and  of 
the  methods  of  their  preparation  was  found  in  pharmaceutical  reference 
works  and  pharmacopoeia]  commentaries.  The  results  of  scientific  and 
technical  studies  were  also  published  in  pharmaceutical  rather  than  in 
purely  chemical  journals.  With  the  early  forties  the  preparation  of 
volatile  oils  was  taken  out  of  the  pharmaceutical  laboratories  and  a 
separate  literature  was  created. 


>)  The  reverse  proce*n,  the  conversion  or  the  cyclic  menttaone  into  chain  compounds 
of  the  citronellal  series  was  accomplished  by  Wnllacb  In  189T.     (Lleblff's  Annalen.  366). 

>)  The  oils  of  Allium  orsfnom.  usati-tldn,  garlic,  onion;  also  tanacetone  (thnjone), 
men  theme,  pulegone,  terplneol,  etc. 

*)  Bergamot  oil,  lavender  oil,  citral,  plnene,  methyl-hep  ten  one,  tanacetone,  etc. 

*)  Mot  lees  than  two  doien  structural  formulas  have  been  proposed  for  camphor  In 
the  couth  of  these  Investigations. 
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Zeller's")  publications  (1850—1855),  already  mentioned  on  p.  37, 
contain  a  compilation  of  the  yield,  also  a  very  meagre  description  of 
the  physical  properties  of  the  oils  and  their  behavior  toward  reagents. 
Maier's*)  treatise  (1867)  also  takes  into  consideration  the  scientific  inves- 
tigations. The  methods  of  preparation  and  the  subject  of  distillation  are 
described  in  detail  by  Mieriinski*)  (1872).  A  similar  work  was  written 
by  Askinson*)  in  187(J.  "Die  Toiletten-chemie"  of  Hirael")  which  passed 
through  four  editions,  also  "The  art  of  perfumery"  by  Piesse,*)  which 
was  translated  into  several  languages,  may  here  be  mentioned. 

The  results  of  the  earlier  papers  by  Wallach  are  contained  in  the 
excellent  work  of  Bornemann")  (1891),  whereas  the  "Odorographia"  of 
Sawer*)  emphasizes  the  botanical  side  of  the  subject.  Finally  the 
monograph  by  Heusler*)  on  the  t«rpenes  should  be  mentioned  for  it 
has  proven  itself  well  nigh  indispensable  for  the  scientific  investigation 
of  terpenes  and  their  derivatives. 

Although  remarkable  progress  has  been  made  in  the  chemistry  of 
the  volatile  oils  during  the  past  fifteen  years,  the  investigations  of  this 
branch  of  science  are  far  from  being  completed.  On  the  contrary,  the 
newly  acquired  knowledge  has  caused  an  ever  -increasing  number  of 
problems  to  present  themselves  for  solution.  It  is  quite  remarkable, 
however,  that  the  interest  bestowed  upon  purely  theoretical  questions 
has  caused  a  falling  off  in  the  systematic  analytical  study  of  volatile 
oils.  There  are  still  a  considerable  number  of  oils  that  are  much  used 
and  readily  accessible,  the  composition  of  which  is  but  imperfectly 
known.  Even  many  oils  that  have  been  repeatedly  examined  will  be 
made  to  yield  still  other  constituents  when  carefully  reexamined. 
Plant  physiological  problems  also  have  scarcely  been  touched  upon,  and 
the  assay  of  volatile  oils  is  just  beginning  to  assume  a  modern 
scientific  aspect  in  harmony  with  recent  theoretical  results.  Hence  there 
still  remains  a  large  field  for  profitable  work. 

It  may  well  be  said,  therefore,  that  in  spite  of  the  unprecedented 
progress  in  recent  years,  the  chemistry  of  volatile  oils  is  but  in  its 
initial  stages.  Following  the  paths  of  Wallach  and  of  other  reformers, 
chemical  investigators  or  all  civilized  countries  are  busily  at  work 
opening  up  new  fields  for  investigation.  Science  and  industry  are 
working  hand  in  hand  and  it  may  reasonably  be  expected  that  both 
will  profit  greatly  by  the  results  of  the  incessant  labor  thus  fostered 
and  stimulated. 

')  See  Bibliography. 
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HISTORY  OF  THE  METHODS  OF  DISTILLATION  AND  OF 
DISTILLING  APPARATUS. 


The  literary  documents  considered   in  the  previous  chapter,  reveal 
the  slow  process  of  evolution  leading  up  to  a  better  understanding  of 
the  subject  of  volatile  oils.    In  like  manner,  a  short  historical  retrospect 
of  the  methods  of  distillation  and  distilling  apparatus  may  result  in  an 
insight  into  the  gradual  development  of  the  art  of  distillation  and  the 
methods    of    preparation    of    distilled    oils. 
The    history    of    the    evolution    from    the 
primitive  Cucurbitu,  the  Alembic  and    the 
Berchile  to  the  steam  and  vacuum  appa- 
ratus of  our  own  time  reveals  a  long  and 
varied  course  which  had  to  be  followed  by 
this  apparently  modern  branch  of  industry 
in  order  to  bring  it  to  its  present  technical 
and  scientific  perfection. 

The  first  definite  statement  found  in 
ancient  writings  which  indicates  a  kind  of 
primitive  distillation,  although  probably 
not  pictured  until  the  middle  ages,  is  the 
mention  of  the  method  for  obtaining  oil  of 
cedar  (iruro-iXatov)  in  the  writings  of  Hero- 
dotus,1) Dioscoridesa)  and  Pliny.8)  This 
oil  is  said  to  have  been  obtained  from  the  **■  B- 

oleoresin  by  boiling  with  water  in  an  open  earthen  kettle.  The  oil  either 
collected  at  the  surface  of  the  liquid  and  was  removed,  or  it*  vapors 
were  condensed  in  layers  of  wool  spread  over  sticks  of  wood  laid  crosswise 

1J  Uintoriae,  lib.  2,  p.  8S. 

')  De  mat.  mot.,  Ub.  I,  B4,  38,  SO. 

*)  Htat.  lint.,  Ub.  16,  cap.  6— 7;  lib.  IS,  cap.  33. 
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on  the  kettle  as  in  figure  3.    The  wool  was  replaced  from  time  to  time  by 
fresh  portions  and  the  saturated  wool  expressed  with  the  hands. 

Authentic  representations  of  the  distilling  vessels  used  by  the 
Egyptians  do  not  exist.  Some  of  their  forms  of  apparatus  were 
undoubtedly  adopted  by  the  Arabians  and  improved  by  them. 
To  the  oldest  known  writings  which 
give  information  on  methods  of  dis- 
tillation and  distilling  apparatus  belong 
those  of  the  Greek  physician  Dios- 
corides1)  and  of  the  Greek  philosopher 
ZosimoB.1) 


In  a  manuscript  Arabian  translation  of  Dioscorides'  Materia  Medica 
in  the  library  at  Leyden  distilling  ranges  and  apparatus  are  mentioned 
and  described.  These  descriptions  probably  occur  in  the  original  Greek 
text.    Among  them  are  found  the  cucurbita  and  the  alembic.2) 


Just  as  pictures  of  animals  have  served  as  symbols  in  the  oldest 
mythology  and  as  characters  in  writing  of  the  earliest  peoples,  the 
forms  of  animals  were  used  by  the  ancients  as  prototypes  in  the  making 
of  jewelry,  and  of  all  kinds  of  useful  articles  and  apparatus.     The  same 


)  Compare  Bibliography. 
1  Extracts  from  thlii  aa  w 


b  the  much  later  Arabic  writings  of  Khasea  and  an 
able  distilling  apparatus  were  published  Id  1S7S  by 
leutech.  morgenlBnd.  Gesell.,  82.  p.  5T5. 
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seems  to  have  occured  in  the  preparation  of  primitive  digestion  and 
distilling  vessels.  Such  pictorial  representations  have  been  carried  over 
from  the  writings'  of  Zosimos  and  probably  also  of  others  into  the 
writings  of  the  Arabians  and  from  these  into  other  alchemical  works  of 

the  middle  ages.1) 

As  prototype  of  a  common  flask 
the  figure  of  an  ostrich  is  given 
(fig.  4) ;  as  that  of  a  retort  a  goose 
(fig.  5)  or  a  pelican  (flg.  6).  The 
shape  of  a  bear  served  for  a  still 
(cucurbits)  and  _  head  (olembieos) 
(fig.  7).  An  improved  form  of  this 
simple  distilling  apparatus  is  found 
in  the  writings  of  Geber3)  and 
Albucasis.8)  The  latter  not  only 
described  glass  distilling  vessels  but 


Pin.  a. 

also  those  prepared  of  glazed  earthenware  (flg.  8)  and  a  kind  of 
fractional  distillation  for  the  purpose  of  a  better  condensation  and 
separation  of  subtle  spirits  by  placing  several  alembices*)  on  top 
of  one  another  (flg.  9).  _ 

From  the  writings  of  Geber  and  Albucasis,  also  from  those  of  the 
excellent  physician  and  writer  Rhases  (El  RAzi),  it  becomes  apparent 
that  the  Arabians  distinguished  as  early  as  the  eighth  century  between 
distillation  over  open  fire  and  from  a  water  bath  and  ash  bath.  <*) 
Geber  described  both  methods  in  detail.0) 

For  the  purpose  of  better  condensation,  Costaeus  of  Lodi,7)  a 
physician  and  alchemist  of  Bologna,  recommended  that  the  beak  of  the 

1)  Jd&ddIh  Rhananl.    See  Bibliography.  ■)  Rhum,  Das  Buch  drr  GehelmnlKse. 

))  Sum  ma  perfection!!  magUteril.  *)  BDnitna  perleetlonlg  mag.,  cap.  SO. 

*)  See  Bibliography.  T)  See  MeauE,  Slinpllcla  et  componlta. 
*)  Albncaala,  Liber  servltorie.  lib.  97,  p.  247. 
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alembic  be  cooled  by  water  (figs.  10  and  11),  also  that  the  distillate 
be    improved    by    the     oee    of     the    water    bath     (bS/neum     Mariae) 
(fig.    12)    and    the   sand    bath    {balneum    arenae)    (fig.    13).      Among 
the   writings  left    by  the  Arabians, 
the    work    of    Albucasis    previously 
mentioned  probably  contains  one  of 
the  first  and  most  striking  descrip- 
tions of  the  manner  of  distillation 
and  distilling  apparatus.    From  the 
fourteenth  century  on  the  practice 
of  making  distilled  liquors  increased 
very  considerably.    As  a  result  the 
methods    of    distillation    and    the 


distilling    apparatus,    especially    those    parts  employed    for    the    { 
densation  of  the  vapors,  were  greatly  improved.     The  method  of  < 


Fl*.  12.  Fl».  18. 

deitsation  of  the  vapors,  already  well  known  to  the  Arabians,  of  passing 
the  straight  or  bent  tube  of  the  alembic,  or  an  elongation  of  the  same 
wound   into  a  spiral  (wormtube,  serpentina)  through  cold  water  was 
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already  in  general  use  at  that  time  lor  the  distillation  of  wine  and 
fermented  plant  jnices.  Ab  examples  of  such  distilling  apparatus  and 
methods,  "die  mancherley  Kiihlungen  der  Teutschen  und  Welsche  Wein- 
brenner"  are  described  and  illustrated  in  treatises  on  distillation  of  the 
first  half  of  the  sixteenth  century,  namely  in  those  of  Bruuschwig, 
Ulstad,  Ryff  and  Lonicer.  In  these  a  distilling  apparatus  constructed 
with  considerable  skill  is  described.  The  helm  of  the  still  and  the  outer 
condenser  jacket  were  made  of  sheet  copper.  The  form  of  the  headlike 
expansion  of  the  helm  with  the  outer  jacket,  the  lower  open  rim  of 
which  was  tightly  luted  to  the  still,  gave  rise  to  the  name  of  "Mohren- 
kopf."  The  condensation  was  effected  by  a  continuous  flow  of  cold 
water  through  the  outer  jacket  (fig.  14). 


Fig.  14. 

The  method  of  condensation  derived  from  the  Arabians  wan  con- 
sidered as  the  most  perfect  for  the  distillation  of  spirit  of  wine  (nqu» 
vitae).  The  illustration  of  this  apparatus  was  selected  for  the  title 
page  of  the  second  volume  of  Brunschwig's  Destitlirbuch  published  in 
the  year  1507  and  is  reproduced  on  page  25. 

Where  the  two  upright  serpentine  connecting  tubes  (serpentinne) 
between  the  retorts  (cucurbitae)  and  the  receivers  (receptacula)  cross 
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each  other  they  pass  through  a  condensing  tube  filled  with  cold  water. 
The  cooling  effect  thus  produced  is  not  sufficient  for  the  condensation 
of  all  the  vapor.  The  worm  acts  therefore,  as  a  dephlegmator  and 
increases  the  alcoholic  strength  of  the  distillate.  This  is  emphasized 
correctly  by  Bnmschwig.1) 

The  perfection  of  the  apparatus  for  ,the  preparation  of  distilled 
liquors,  also  distilled  oils,  which  up  to  that  time  had  received  but  little 
attention,  seems  to  have  progressed  much  more  slowly  and  with  greater 
difficulty. 

In  comparison  with  the  ready  volatility  of  the  alcohol,  water  was 
considered  as  that  product  of  distillation  most  closely  related  to  it, 
whereas  the  oil  was  regarded  as  the  "obese  and  fatty  substance  that 
had  to  be  driven  over  with  a  stronger  and  more  violent  heat."  This 
had  led  to  the  firmly  established  belief  that  in  the  process  of  purification, 


Fig.  16. 


the  volatile  and  subtle  part  must  penetrate  and  exhaust  the  material 
as  much  as  possible.  As  a  result  all  sorts  of  queer  apparatus  and 
sources  of  heat  were  invented.  They  all  resulted  in  a  prolonged  digestion 
and  an  unintentional  loss  of  the  alcohol  oft  times  formed  by  fermentation, 
and  of  the  aroma. 

Circulation  was  therefore  considered  not  only  as  the  essence  of 
distillation  but  also  as  an  important  preparatory  part  of  it.  It  was 
believed  that  the  plant  and  animal  material  finally  to  be  distilled  was 
thereby  prepared  for  the  refinement  and  purification  of  the  "geistige 
Wesen"  contained  in  them  and  for  their  better  and  easier  separation  and 
purification.  A  large  variety  of  vessels,  usually  constructed  after  some 
symbolic  prototype  was  used  for  this  purpose.  The  simple  Grcttl&toria 
were  ordinary  glass  flasks,  retorts  with  the  tul)es  bent  in  a  variety  of 
ways,  also  so-called  urine  glasses  used  by  physicians  for  diagnosis. 
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The  operation  performed  in  the  pelican  (flg.  15)  and  donble  or  twin 
circnlatoria  (flg.  16)  provided  with  reflux  tubes  were  considered  as  the 
most  perfect  kinds  of  circulation,  especially  for  refining  the  "spirits." 


Still  more  peculiar  than  the  form  of  the  circulatoria  was  the  source 
of   heat    used    for  the  purpose  of  circulation,  usually  accompanied  by 
fermentation,   and  even   decomposition    processes.     Not  only  was  the 
water  bath  (balneum  Murine)  (flg.  IT)   and   the  ash   bath   (balneum 
percinerem)  (fig.  18)  employed,  but, 
also  the  sun  bath  (deatillatio  aolia) 
(flg.  19).     The   circulation  vessels 
were  also  immersed  in    fermenting 
dough,  and  heated  with  this  in  an 
oven   (deetillatio  panis) ;    or    they 
were  imbedded  in  decomposing  well 


Flg.  19.  Flg.  20. 

wetted  horse  manure  which  was  placed  in  a  layer  above  unslaked  lime 
in  pits  (destillatio  per  ventrem  equinum)  (flg.  20). 

With  the  introduction  of  aromatic  waters  as  one  of  the  principal 
forms  of  medication,  the  condensation  of  the  vapors  gave  rise  to 
difficulties,    because  a  greater  degree  of  heat  was  necessary  for  their 
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distillation.  Plant  material  lying  on  the  bottom  of  the  still  was  also 
easily  burnt,  and  the  distillate  received  therefrom  an  empyreumatic 
odor  and  taste.  With  a  strong  heat  a  serious  overheating  of  the  helm 
and  tube,  which  were  usually  constructed  of  lead  or  tin,  took  place, 
while  with  the  employment  of  a  moderate  heat  the  yield  of  the  distillate 
remained  unsatisfactory.  In  order  to  overcome  these  disadvantages 
and  to  prevent  the  flowing  back  of  the  distillate  condensed  in  the  helm, 
as  well  as  to  increase  the  cooling  effect  of  the  air,  the  helm  known  as 
the  "Rosenhut"  (flg.  1,  p.  23)  and  (flg.  21)  was  constructed  as  early 


Flu.  21. 

as  the  fifteenth  century.  Near  the  base,  at  about  the  height  of  the 
outlet  tube,  this  had  a  groove  extending  around  the  inside  of  the 
helm,  and  through  which  the  water  condensing  on  the  upper  wall  of 
the  helm  and  running  down  was  conducted  into  the  outlet  tube  and 
from  there  into  the  receiver.  The  "Rosenhut"  was  therefore  in  itself  an 
inefficient  air  condenser,  which  served  its  purpose  with  much  less 
efficiency  than  did  the  "Mohrenkopf"  in  the  alcohol  distillation 
(fig.  14). 

The  first  step  toward  a  better  condensation  with  cold  water,  in  the 
preparation  of  the  distilled  waters,  consisted  in  surrounding  the  head 
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of  the  helm  Urfembk)  with  an  oxbladder.  It  was  securely  Fastened  and 
provided  with  a  wooden  stop-cock.  The  hood-like  basin  thus  formed 
(flg.  22)  was  kept  cold  by  means  of  flowing  water.  In  a  similar 
manner  the  helm  was  also  surrounded  by  a  basin-like  metallic  addition 
which  was  either  fastened  by  luting  or  soldering.  Thus  the  helm  could 
be  well  cooled  by  running  water  (flg.  23).  By  means  of  an  inner 
horizontal  groove  like  that  in  the  "Bosenhut"  (flg.  21)  the  distillate  which 
condensed  on  the  walls  of  the  helm  was  conducted  into  the  r 

Walter  Ryff  in  his  treatise  on 
distillation  describes  and  illustrates 
distilling  apparatus  with  condens- 
ing tubes  which  are  passed  through 
vessels  of  cold  water.  The  first 
apparatus  has  two  tubes  connected 
with  the  helm  (flg.  24)  which  are 
passed  through  a  barrel  of  water. 


However,  Ryff  declares  this  method  of  condensation  us  insufficient  and 
recommends  a  worm  tube  for  the  shape  of  which  he  gives  two  forms 
(flgs.  25  and  20)  and  concerning  the  use  of  which  he  gives  a  detailed 
account. 

A  peculiarly  constructed  apparatus  for  the  distillation  of  aromatic 
waters  and  oils  was  recommended  by  Adam  Lonicer  in  his  "Krftuter- 
trad  Destillirbuch"  published  in  1573.  The  construction  of  the  apparatus 
becomes  readily  apparent  from  the  accompanying  cut  (flg.  27). 

Finally,  the  Arabians  and  probably  others  before  them  practiced 
"downward  distillation7'  which  corresponds  on  the  whole  to  our  modern 
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dry  distillation  for-obtaining  empyreumatic  and  tar  oils.  At  the  time 
of  the  revival  of  the  distilling  art  this  method  was  also  used  in  the 
preparation  of  the  oils  of  eertain  woods,    barks  and   spices.     Juniper 


F1K.  26. 

wood  especially  had  been  submitted  to  this  destillatio  per  desceneum 
since  antiquity,  later  also  guaiac  wood,  cinnamon,  cloves,  mace  and 
other  spices  were  distilled   in  this  manner.     The  furnace  contained   a 
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division  in  the  middle,  with  a  central  opening  into  which  a  pot  provided 
with  a  beak-like  opening  at  the.bottom  was  either  hung,  or  plastered 
in.    On  top  of  the  opening  extending  into  the  upper  part  of  the  furnace 


was  placed  a  wire  gauze  and  a  second  pot  filled  with  the  dry  substance 
to  be  distilled  was  luted  with  its  opening  on  the  top  of  the  lower  pot. 
The  "heating  was  then  effected  by  building  a  fire  around  the  upper  pot 
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(fig.  28).  Sometimes  the  lower  pot  was  buried  in  the  earth  and  a  fire 
built  about  the  upper  pot  fastened  on  top  of  this  one  in  the  same 
manner. 

For  the  destfflatio  per  deseeneum  on  a  small  scale  glass  vessels 
heated  from  the  side  (fig.  29)  were  also  employed  and  even  for  some 
easily  distilled  substances  the  heat  of  the 
sun  (destfflatio  eolis)  (fig.  30)  was  used. 
At  present  the  preparation  of  empyreumatic 
oils  as  well  as  of  the  finer  tars  is  effected 
in  east  iron  or  earthenware  cylinders. 

The  treatises  on  distillation  published 
during  the  sixteenth  century  reveal  by  both 
text  and  illustration  that  about  that  time 
more  attention  was  again  given  to  the 
construction  of  furnaces  and  implements 
used  for  the  purpose  of  distillation. 

Besides  the  distilling  apparatus  most 
generally  used  at  that  time  and  repro- 
duced in  figs.  10,  11,  14,  17,  21,  2S,  24  and  25,  the  socalled 
"faule  Heinz"  or  Athanor  (from  Afavartn,  imperishable)  called  by 
Ulatad  furnus  Acedia*  (fig.  31)  was  much  in  favor  and  was  used  to 
a  great  extent  for  the  distillation  of  waters  and  oils.    Above  a  common 


Fig.  no, 

fireplace  were  placed  three  or  more  distilling  retorts  with  '"Rosenhut- 
helm"  (p.  104,  fig.  21).  The  fireplace  ended  in  a  central  iron,  <*>pper 
or  earthenware  pipe  the  opening  of  which  could  be  closed  by  a  cover. 
By  means  of  slides  at  the  sides  of  the  fireplace  the  heat  could  be 
conducted  under  any  one  of  the  stills  or  retorts  as  desired  and  the 
distillation  was  thus  regulated. 
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For  the  distillation  of  large  quantities  in  a  large  number  of  single 
retorts  or  stills,  larger  cupil  furnaces  alter  the  manner  of  the  so-called 
"galley  furnaces"  appear  also  to  hare  been  in  use.     The  illustrations 
and  descriptions  of  these  in  the  treatises  on       _ 
distillation  of  the  sixteenth  century  represent 
no   doubt  more  the   possibility  than    the 
realization  of  perfection.    The  illustrations 
of  these  furnaces  were  transferred  from  one 
distilling  book   to   another,   but  probably 
have    not  been  generally  used  in   practice. 
Among  others  they  are  thoroughly  described 
in  the  text  and  reproduced  in  illustration  in 
the    works    of    Matthiohis    and    of    Lonicer 
previously  mentioned.    They  are  built  either 
in  the  shape  of  a  terrace  (fig.  82)  or  of  a 
bee  hive  (fig.  88). 

Although  the  compilers  of  the  distilling 
books  of  the  sixteenth  century  have  in 
succession  followed  the  pioneer  work  of 
Brunschwig,  especially  in  regard  to  illus- 
trations, their  writings  nevertheless  quite  often  show  considerable 
differences  in  views,  practical  skill,  and  experience,  and  also  in  the 
originality  of  their  knowledge  and  ability. 


With  but  little  public  intercourse  these  secluded  workers  and  writers 
toiled  mostly  far  from  one  another,  each  in  his  own  sphere  and  manner, 
often  with  but  a  slight  knowledge  of  the  older  writings  and   of  the 
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work  of  his  con  temporaries.  With  regard  to  the  manner  of  distillation 
of  the  aromatic  waters  and  oils  this  is  shown  in  an  unmistakable 
manner  in  works  compiled  in  the  course  of  the  first  half  of  the  sixteenth 
century  by  Philipp  Ulstad,  Walter  Byff,  Adam  Lonieer,  Valerius  Cordus 


Fl»,  88. 

and  Conrad  Gesner.  All  of  these  were  mainly  based  on  the  writings  of 
Hieronymus  Brunschwig.  Their  views,  however,  as  to  the  nature  of 
distillation  itself  and  of  the  distilling  methods  and  apparatus  are 
neither  in  accord  with  those  of  Brunschwig,  nor  with  those  of  their 
contemporaries. 
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How  little  personal  nkill,  practical  experience  and  familiarity  with 
the  literature  on  the  subject  may  be  found  in  the  writings  and  methods 
of  working  of  the  most  prominent  experimenters  of  that  time  becomes 
apparent  e.  g.  from  the  construction  of  and  preference  for  the  distilling 
vessels  employed.  Thus  for  instance,  Valerius  Cordus,  profound  in 
theoretical  science,  but  ignoring  the  rationally  constructed  distilling 
apparatus  then  well  known,  used  and  recommended  "ein  Kolb  mit  einem 
iiugeschmelztetn  Helm"  (fig.  34)  as  an  efficient  apparatus  meeting  all  the 
requirements  of  the  art.  At  the  same  time  Conrad  Gesner,  his. con- 
temporary, used  for  the  same  purpose  a  distilling  furnace  (fig.  S.">), 
which  had  been  used  for  some  time. 

As  has  already  been  mentioned,  the  seventeenth  century,  crippled  as 
it  was  by  the  destructive  storms  of  the  Thirty  Years  war,  added  but 
little  to  the  further  development  of  the  art  of  distillation  and  other 
technical  scientific  industries.  The  few  active  experimenters,  however, 
favored  with  a  Iwtter  understanding,  endeavored  to  perfect  not  only 
the  apparatus  used  but  the  pro<*sses  as  well, 


HfC.  H4.  Flu.  «3. 

As  the  'Destillirbuch"  of  Bmtisuhwig  and  similar  treatises  of  his 
successors  reflect  the  practical  nnd  theoretical  knowledge  of  the  sixteentli 
century  with  its  mistakes  and  imperfections,  so  Glauber's  treatise  on 
distillation  reflects  the  condition  of  the  art  and  science  of  distillation 
during  the  second  half  of  the  seventeenth  century.  Although  Glauber's 
laboratory  work  and  the  character  of  his  writings  was  of  a  wider  scope 
than  that  covered  by  the  older  "Destillirbucher,"  yet  he  also  paid 
special  attention  to  the  distillation  of  aromatic  plants  and  spices.  In 
this,  he  and  his  contemporaries  seem  to  have  paid  special  attention  to  the 
improvement  of  the  methods  of  distillation  for  the  purpose  of  relatively 
increasing  the  products  of  distillation.  For  this  purpose  as  has  already 
been  mentioned  on  page  33,  ft  very  rational  expedient  of  increasing 
the  specific  gravity  and  thus  raising  the  boiling  point  of  the  water  used 
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for  the  distillation,  was  resorted  to.  This  was  effected  by  the  addition 
of  salts.  The  use  of  muriatic  acid  (spiritaa  salia)  recommended  by 
Glauber  for  the  distillation  of  oil  of  cinnamon  and  other  expensive  oils 
has  also  been  alluded  to  (p.  88).  His  idea  was  that  the  acid  penetrated 
the  material  and  thus  drove  out  the  oil.  A  small  amount  of  muriatic 
acid  was.  supposed  to  take  the  place  of  a  large  quantity  of  water 
thereby  avoiding  loss  of  oil.  He  also  recommends  that  dark  colored 
and  resinifled  oils  hp  rectified  with  apiritns  anlw. 

Glauber's  authority  was  recognized  until  the  middle  of  the  eighteenth 
century,  and  the  methods  of  distillation  recommended  by  him  in  his 
several  writings  were  employed  by  his  contemporaries  and  their 
successors.  Boerhaave,  therefore,  and  Hoffmann,  their  contemporaries, 
and  later  investigators  prepared  the  volatile  oils  by  using  common  and 
other  Halts  or  hydrochloric  acid. 

It  is  perhaps  due  to  the  observation  that  metal  was  present  in  an 
oil  or  a  distilled  water,  especially  if  an  acid  bad  been  used  in  its 
preparation,  that  in  the  course  of  the  eighteenth  century  more  attention 
was  again  bestowed  upon  the  material  from  which  the  still  was 
constructed.  In  consequence  glass  and  glazed  earthenware  were 
substituted  for  metal.  As  a  matter  of  fact  it  seems  that  as  early  as 
the  sixteenth  century  the  presence  of  metals  in  the  distillates  obtained 
from  metallic  stills  did  not  escape  the  notice  of  some  of  the  experimenters. 
Among  others  Joh.  Krnfft1)  (1519— 1585)  cautions  against  the  use 
of  copper  distilling  vessels.  The  famous  Parisian  physician  Ambroise 
Pare"2)  (1310—1500)  warns  against  the  use  of  lead  helms  and  con- 
denser tubes  "which  ofttimes  cause  the  distilled  water  to  l<e  milky." 
The  Bologna  physician  and  professor  Benedetto  Vettori  of  Faenza 
(1-181— 1561)  declared  nbout  the  year  1555,  that  water  on  being 
conducted  through  lead  pipes  dissolves  lead  and  thus  becomes 
poisonous.8) 

However,  these  observations  like  so  many  others  made  in  the  art 
of  distillation  appear  either  to  have  been  known  to  but  a  few  or  else 
were  unheeded  and  n#ain  forgotten,  for  even  during  the  seventeenth 
and  eighteenth  centuries  when  oils  were  distilled  with  acids,  lead  and  tin 
heads  and  condensers  were  in  general  use  in  connection  with  copjier  stills 
or  glass  and  earthenware  retorts. 

i)  CondUorom  et  eplat.,  1,  fol.  190. 

i)  Lh  oeuvrea,  p.  746. 

>>  Practlrae  matcuae,  1.  CHp.  21,  lol.  144. 
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As  already  mentioned  in  the  preceding  chapter,  the  distillation 
of  thf  volatile  oils  and  the  construction  of  the  distilling  apparatus 
received  more  attention  and  underwent  a  more  rapid  development 
with  tlieir  general  introduction  into  the  laboratories  of  apothecaries. 
In  these  the  volatile  oils  used  in  medicine  and  the  arts  were  prepared 
up  to  the  first  decades  of  the  nineteenth  century.  Only  a  few  oils,  such 
as  the  oils  of  lavender,  rosemary  and  rose  which  could  be  readily 
produced  in  some  countries  and  which  were  largely  used  in  the  perfume 
and  soap  industries,  have  been  obtained  since  the  sixteenth  century  in 
larger  quantities  by  means  of  primitive  portable  distilling  apparatus.1! 


The  distilling  vessels  used  in  the  apothecary  laboratories  and  the 
itinerant  stills  (W&iiderdestiUirger&the),  or  alttmhics  voyngeants  used  in 
France,  Spain,  Italy  and  Bulgaria,  consisted  of  copper  stills  with  a 
copper  or  tin  head  and  tin  condensing  tubes  of  various  shapes. 

One  of  the  better  distilling  apparatus  used  for  the  distillation  of 
volatile  oils  in  the  eighteenth  century  consisted  of  a  tin  or  copper  body 

>)  Camp.  p.  26;  also  under  Oil  ol  I ,a Tender,  Oil  of  Kose  and  Oil  of  Rosemary. 
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suspended  in  a  water  bath,  and  provided  with  a  "'Mohrenkopf"  (fig.  14, 
p.  ">.)).  a  "Rosen  hut"  (fig.  21.  p.  oft)  and  a  spiral  tube  for  condensation. 
An  illustration  (fig.  SO)  and  description  of  this  distilling  apparatus  was 
published  in  17H4  by  Francois  Demachy.1)  director  of  the  apothecary 
laboratories  of  the  civil  hospitals  of  I'aris. 

The  copper  kettle  r  serves  as  a  waterbath  which  can  be  turned  b.v  the 
handles  ««  and  refilled  with  a  fresh  supply  of  water  through  the  side  tube  in. 
The  tin  stilt  /I  rests  with  the  upper  ring  n  on  the  rim  h  of  the  kettle.  The 
lower  neck  ■/  of  the  head  of  the  still  h  rests  at  n  on  the  upper  rim  of  the  still. 
Around  the  lower  edge  of  the  head  runs  the  trough  e  in  which  the  dixtillate 
that  has  been  condensed  in  the  cone  collects  and  passes  with  uu condensed 
vapors  through  the  tube  c—u  into  the  Hpiral  condenser. 

The  "Mohrenkopf"  n  serving  as  a  cooler  for  the  "Rosen hut,"  h  is  soldered 
to  the  neck  k  of  the  condensing  cone.  The  water  in  the  cooler  warmer]  during 
the  process  of  distillation,   runs  off  through   the  upper  tuts'  e  as  fast  as  Cold 


Since  the  liegiiining  of  the  nineteenth  century  attempts  have  been 
made  to  simplify  and  to  improve  the  construction  of  the  distilling 
apparatus,  more  especially  of  the  cooler,  also  to  prevent  the  burning 
of  the  plants  on  the  bottom  of  the  still  with  the  use  of  direct  heat. 
Such  improvements  were  made  especially  by  Joh.  Gottfr.  Dingier,  the 
apothecary,  in  Augsburg2)  during  the  years  1H15 — 1820,  by  Stnithson 
Tennant")  in  1813  and  by  Henry  Tritton*)  in  1818.  both  of  England. 
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The  latter  attempted  to  carry  on  the  distillation  at  a  lower  temperature 
by  putting  the  apparatus  in  connection  with  an  air  pump.  The  distilling 
apparatus  more  commonly  in  use  at  that  time  tor  the  distillation  of 
volatile  oils  was  the  one  shown  in  the  accompanying  cut  (fig.  37). 

Steam  distillation  was  recommended  in  1826  by  H.  Zeise1)  and 
especially  for  volatile  oila  by  van  Dyk  in  Utrecht,8)  who  thereby 
materially  aided  in  its  introduction.    He  demonstrated  that  the  volatile 


Fl«.  88. 

oils  which  were  obtained  by  steam  alone  from  the  vegetable  material, 
distinguished  themselves  from  those  obtained  by  distillation  over  open 
fire,  by  a  lighter  color  and  purer  odor.  Clove  oil  distilled  with  steam 
is  nearly  colorless,  cinnamon  oil  light  straw  yellow  and  orange  peel  oil 
completely  colorless.8)  The  first  steam  distillation  on  a  larger  scale  in 
a  pharmaceutical  laboratory  appears  to  have  been  that  in  the  old 
Apothecary's  Hall  in  London.*) 

i)  Beltrilae  mr  NutinnwendunR  ilsr  Wawterrt ample;  Arrh.  il.  Ptmrin.,  lfi,  p.  HU. 

>)  Rut  liner's  Hepert,.  29,  p.  04. 

■]  Ibidem,  a».  p.  110. 

»)  do.,  '29.  pp.  112  *  IBM, 
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In  Germany  steam  distillation  for  the  preparation  of  volatile  oils  in 
apothecary  laboratories  was  also  made  possible  by  the  introduction  of 
a  steam  distilling  apparatus,1)  constructed  about  the  year  1820  by 
Joliann  Beindorff,  mechanic  and  tin  founder  in  Frankfurt  a.  M.  (fig.  88). 
With  this  apparatus,  soon  perfected  in  many  ways,  the  distillation  of 
volatile  oils  with  steam  under  pressure  was  possible.  The  condensing 
arrangement  also  had  the  advantage  over  the  spiral  tube  of  being  made 
up  of  separable  parts,  and  thus  allowing  it  to  be  readily  cleaned  even 
on  the  inside. 

For  the  preparation  of  volatile  oils  on  a  small  scale,  the  arrange- 
ments based  on  the  original  steam  distilling  apparatus  of  Beindorff 
remained,  until  the  industry  conducted  on  a  large  scale  became  dominant 
also  in  this  field  and  prepared  products  of  a  quality  and  nt  prices 
with  which  the  preparation  on  a  small  scale  could  not  eomjiete. 

Of  the  arrangements  used  for  a  long  time  for  the  separation  and 
removal  of  the  oils  from  the  water  the  Florentine  flask  in  various  forms 
and  sizes  has  shown  its  utility  and  lias  been  in  continual  use.  It 
probably  came  into  use  in  the  middle  ages.  A  method  of  separation  of 
oil  and  water  which  in  its  principles  corresponds  to  those  of  the 
Florentine  flask  has,  it  appears  been  described  for  thettrst  time  by 
Porta2)  in  the  latter  half  of  the  sixteenth  century. 

The  Florentine  flask  like  many  other  facts  and  improvements  per- 
taining to  the  art  of  distillation  which  were  not  generally  known,  was 
soon  forgotten.  As  a  result  it  was  rediscovered  several  times  from  the 
beginning  of  the  seventeenth  century  to  the  year  1823. 

Thus  the  flask  was  again  described  and  introduced  by  Homlierg*) 
at  the  end  of  the  seventeenth  century  about  one  hundred  years  after 
Porta 's  description  —  only,  however,  to  be  again  forgotten  for  a  con- 
siderable period  of  time.  A  century  later,  in  the  year  1808,  the  Florentine 
flask  was  again  recommended  for  the  distillation  of  volatile  oils  by  the 
Augsburg  apothecary  Joliann  Gottfried  Dingier4)  and  later  in  1823 
once  more  introduced  as  something  new  by  the  apothecary  Samuel  Peetz 
in  Pestb.8) 

The  Florentine  flask  of  older  construction  as  described  by  Porta, 
has  been  in  use  for  a  long  time.  The  oil  was  siphoned  off  by  means 
of  a  porous  siphon  consisting  of  a  lamp  wick  into  small  bottles  (flg.  39). 

i)  Griner'B  MagHiln  I.  Phnrin..  11.  pp.  174  *  HB1 ;  Bnchnefn  llppert..  BH.  p.  4WI. 
2)  Majclae  naturalla,  lib.  dwlmiiB,  p.  ««7. 

>>  Philippe  unil  Ludwlg,  Gwrhlchte  il*r  Apotheker,  p.  jlfl. 
•  I  TivimuiMlorfT'H  Joiirn.  d.  i'lmrm.,  11",  p.  :f-41i. 
sp  RiHhiwr'n  llfpert.,  14«',  p.  4H1. 


byGoogle 


History  of  the  Methods  of  Distillation  nml  of  instilling  Apparatus.       71 

Later  the  Florentine  flask  shown  in  figure  40  wan  also  used.  The  flask 
used  at  the  present  time  in  the  large  factories  is  not  only  larger,  hut 
contains  in  the  upper  part  in  the  level  of  the  oily  layer  a  class  stopcock 
through  which  the  oil  can  be  drawn  off  from  time  to  time,  or  an  over- 
flow tube  through  which  the  oil  when  it  reaches  it  certain  level  runs 
into  a  receiver  (fig.  41). 

In  the  course  of  time  a  nuinlier  of  differently  constructed  receivers 
for  the  separation  of  the  volatile  oils  have  been  proposed,  without 
however,  causing  the  Florentine  flask  to  be  discarded.  The  first  of  these 
was  proposed  by  Amblard  of  Paris')  in  1825.  It  consisted  of  a  glass 
tube,  open  at  both  ends  and  drawn  out  to  a  taper,  This  tube  was 
suspended  by  means  of  a  cork  ring  at  its  upper  end  in  a  high  glass 


mixing  cylinder.  This  cylinder  was  provided  at  the  top  with  an  over- 
flow tube.  The  oil  collects  in  the  glass  tube  and  can  l>e  removed  from 
this  after  closing  the  small  lower  opening,  by  pouring  out  aw  often  as 
desired. 

The  more  salable  volatile  oils,  which  were  used  in  larger  quantities 
in  the  perfume  industry  that  had  developed  in  France  in  the  course  of 
the  eighteenth  century  were  still  prepared  during  the  first  quarter  of 
the  present  century  in  the  traditional  primitive  distilling  vessels  and 
improved  by  rectification.  In  Germany  the  apparatus  shown  in  figs.  :17 
ami  'AH  were  principally  used.  While  the  oils  of  lavender,  rosemary. 
orange  flower,  etc.,  were  manufactured  in  France  and  rose-oil  in 
Turkey,  Germany  and  Hungary  supplied  the  market  with  the  oils  of 
enruway,    fennel,    anise,    coriander,    calamus,    peppermint,    spearmint, 

1}  llnll.  ilot  tmr.  tie  Is  Soc.  <1e  Phnrm.,  1825,  p.  24 T. 
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valerian,  chamomile,  and  others  used  in  medicine  and  in  the  fine  arts. 
In  southern  France,  especially  on  the  sunny  slopes  of  the  Alps  near  the 
Mediterranean  coast,  the  industry  of  the  aromatic  oils  developed  con- 
siderable proportions  in  the  early  part  of  this  c*ntury.  The  oils 
principally  used  for  medicinal  purposes,  however,  were  still  prepared  in 
apothecary  laboratories.  In  the  course  of  time  individual  apothecaries 
and  druggists,  having  made  a  beginning  on  a  small  scale,  erected  much 
larger  establishments  for  the  preparation  of  volatile  oils.  This  was 
done  especially  in  regions  suited  to  the  culture  of  medicinal  plants,  for 
instance,  in  Thuringia  on  the  Saale  and  the  Elbe,  in  Saxony,  Bohemia, 
Francouia  and  also  in  Hungary.  Only  a  few  of  these,  however,  remained 
in  existence  for  any  appreciable  length  of  time.  As  in  chemical  and 
other  branches  of  industry,  these  originally  small  distilling  operations 
were  replaced  everywhere,  by  a  larger,  more  rational  and  efficient 
industry.  This  new  industry  has  worked  hand  in  hand  with  science  and 
technology.  Whereas  on  the  one  hand  it  utilized  the  results  of  science, 
on  the  other  it  not  only  stimulated  science  but  gave  direct  assistance. 

Beginning  about  the  middle  of  the  present  century  the  earlier,  simple 
apparatus  took  on  a  different  shape  in  the  factories  of  this  larger 
industry  of  the  volatile  oilB.  The  original  small  distilling  apparatus 
were  replaced  by  larger  and  more  rationally  constructed  ones  which  not 
only  effected  a  better  exhaustion  of  the  vegetahle  matter  and  thus 
increased  the  yield,  but  also  produced  oils  of  a  better  and  purer  quality. 
The  apparatus  commonly  used  in  the  factories  about  the  middle  of 
the  present  century,  were  the  stills  arranged  for  the  so-called  water- 
distillation,  and  others  for  the  so-called  dry  steam-distillation. 

The  first  type  of  stills  (ftg.  42)  is  a  simply  constructed  apparatus 
for  the  distillation  of  plant  material  in  water,  as  well  as  for  the 
rectification  of  crude  oils  by  steam.  The  still  is  heated  by  means  of  steam 
admitted  under  pressure  through  the  holes  of  a  ring  at  the  bottom  or 
by  allowing  the  steam  to  escape  directly  into  the  lower  double  walled 
jacket  B.  The  advantage  possessed  by  the  receiving  flask  E  over  the 
ordinary  Florentine  flask  consists  in  the  flowing  back  of  the  distillation 
water  saturated  with  oil,  through  the  tube  F.  into  the  still. 

In  the  distillation  with  dry  steam  (fig.  43)  the  still  is  filled  with  the 
plant  material  without  the  addition  of  water  and  distilled  with  steam 
passing  through  the  material  from  the  bottom  upwards.  These  or 
similarly  constructed  steam  distilling  apparatus  are  employed  even  at 
the  present  time  for  the  distillation  of  some  of  the  oils,  only  in  plnce 
of  the  spiral  a.  tube  condenser  is  used. 
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With  the  introduction  of  these  apparatus  during  the  middle  of  this 
century  the  volatile  oil  industry  had  taken  its  position  as  a  branch 
of  the  rapidly  developing  chemical  industry  at  large  with  southern 
France  and  central  Germany  as  the  principal  centers  of  production. 
Since  then  this  branch  of  chemical  industry  has  witnessed  great  technical 
improvements  which  have  reacted  favorably  on  its  growth  and 
permanent  development. 


Owing  to  the  remarkable  development  of  the  entire  perfume 
industry  during  the  second  half  of  this  century,  the  consumption  and 
commerce  of  the  volatile  oils  assumed  entirely  unanticipated  proportions 
and  importance.  Scientific  and  technical  attainment,  commercial 
interests  and  business  competition  brought  about  numerous  changes  in 
rapid  succession.  More  rational  methods  of  distillation  were  devised, 
large    apparatus    for    the    distillation    of    enormous    quantities    were 
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constructed,  the  quality  of  the  product  was  improved  while  the  price 
of  its  production  was  diminished.  Some  of  the  largest  stills  used  in 
the  manufacture  of  volatile  oils  have  a  capacity  of  80,000  to  00.000 
liters  (=  7,926  to  15,852  gallons!.  Commensurate  with  their  size  is 
their  construction  and  operation,  the  arrangement  for  charging  »»<J 
discharging,  for  the  coudetinatiou  of  the  vapors  in  as  quick  and 
efficient  a  manner  as  possible,  and  above  all  their  productiveness. 

Considerable  historical  interest  is  attached  not  only  to  the  theory 
and  practice  of  the  present  art  of  distillation  in  its  application  to  the 
preparation  of  the  volatile  oils  but  to  the  gradual  development  of  the 
distilling  vessels  as  well,  which  are  employed  for  this  purpose. 


On  the  following  pages  will  be  found  a  number  of  illustrations  of  some 
of  the  modern  stills  used  in  German  and  French  factories.  Looking  back- 
ward it  might  seem  as  though  no  relation  existed  between  the  modern 
giant  stills  and  their  prototypes.  Yet  every  one  of  them  is  but  n  link  in 
the  long  chain  of  development  of  the  art  of  distillation.  That  the  process 
of  evolution  has  l<een  exceedingly  rapid  during  the  past  ten  years  does  not 
affect,  the  truth  of  this  statement.  Almost  every  one  of  these  pieces  of 
apparatus  has  l>een  newly  created  out  of  the  rnins  of  its  immediate 
predecessor. 

In  modem  chemical  industry  Germany  unquestionably  ranks  first. 
Of  the  various  branches  of  this  industry  that  of  the  manufacture  of 
volatile  oils  and  synthetic  aroinatics  has  acquired  an  important* 
previously  unsuspected  nnd  with  it  a  correspondingly  influential  position. 
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Diftilling  Apparatus  of  30,000  Liter  Capacity. 
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Fl«.  *ts. 
Distilling  Apparatus  for  Spires. 
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Great  Still  of  60,000  Liter  Capacity. 
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THEORETICAL  BASIS   FOR   OBTAINING    VOLATILE    OILS 
BY  STEAM    DISTILLATION. 


From  the  foregoing  chapter*  it  become*  apparent  that  the  manu- 
facture of  volatile  oils  was  formerly  conducted  on  n  small  scale,  largely 
after  the  style  of  the  small  mechanic.  But  a  single  process  for  obtaining 
the  oils  wan  used,  even  though  here  and  there  it  was  conducted  in  a 
scientific  manner,  i.  e.,  corresponding  to  the  status  of  science  at  the 
time.  All  crude  materials  and  all  oils  were  distilled  in  the  same  manner 
from  a  distilling  apparatus  consisting  of  still,  head,  and  condenser. 
When  tiie  still  was  heated  directly  by  fire,  only  one  kind  of  distillation 
took  place,  namely  water  distillation,  in  which  cose  the  material  to  Ite 
distilled  was  either  in  the  water,  or  it  was  suspended  dry  above  the 
water.  If  the  distillation  was  conducted  with  steam,  there  was  a  choice 
Iwtweeu  water  distillation  and  dry  steam  distillation.  The  introduction 
of  steam  as  the  immediate  source  of  heat  was  unquestionably  in  itself 
an  advance.  A  new  impetus,  however,  was  first  given  to  the  industry 
of  volatile  oils  by  the  use  of  steam  under  pressure.  That  this  change 
should  at  first  have  given  rise  to  many  difficulties  was  inevitable. 

Out  of  the  large  number  of  small  factories  and  laboratories  where 
oils  were  distilled  on  a  hum  II  scale,  a  few  have  risen  during  the  last 
few  decades,  and  have  developed  to  such  an  extent  as  to  impart  to  the 
entire  industry  a.  different  aspect.  It  is.  however,  not  merely  the  matter  of 
size  which  separates  the  past  from  the  present.  The  rapid  development  of 
chemical  science  is  even  more  responsible  for  this  difference.  Through  it 
the  preparation  of  essential  oils  lias  developed  into  a  real  industry, 
a  branch  of  chemical  technology.  The  successful  investigations  of  ■ 
Wallach  have  not  only  led  the  way  in  chemical  science,  but  they  have 
also  done  pioneer  service  in  practice. 
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This  development  of  the  volatile  oil  industry  has  taken  place  in  a 
remarkably  short  period  of  time.  Indeed  the  unusually  rapid  growth 
of  chemical  knowledge  made  it  difficult  for  progressive  factories  to  keep 
abreast  with  the  theoretical  advancement,  as  did  also  the  fact  that  the 
simple  apparatus  and  methods  no  longer  sufficed  for  the  new  require- 
ments. Some  apparatus  could  be  borrowed  from  otlier  technical  branches 
but  much  had  to  be  specially  designed  nnd  made.  In  addition  to  the 
simple  Htills  formerly  used,  new  rather  complicated  apparatus  were  con- 
structed. Although  these  required  greater  ability  and  more  attention  on 
the  part  of  the  operator,  they  gave  in  every  respect  more  satisfactory 
results. 

The  evolution  from  t  he  simple  to  the  more  highly  perfected  technique 
can'  l)est  be  compared  to  that  of  the  alcohol  manufacture  from  the 
whisky  distillation  on  a  small  scale.  The  simple  stills  of  a  past  time, 
which  are  now  only  used  here  and  there  for  the  preparation  of  whisky 
■mi  u  small  scale,  will  scarcely  be  recognized  as  the  prototypes  of  the 
column  apparatus  with  continuous  supply  of  wort  and  continuous  or 
periodic  removal  of  ttie  wash,  as  they  may  now  be  seen  in  their  most 
perfect  construction  nnd  operation  in  modern  alcohol  distilleries.  Whereas 
the  former  whisky  distiller  first  distilled  off  an  intermediate  product,  and 
from  this  by  rectification  obtained  a  whisky  of  only  30  to  40%  alcohol, 
the  present  column  apparatus  yields  with  less  attention,  time  and  fuel, 
a  spirit  of  over  90%  alcohol  in  a  single  operation. 

In  the  alcohol  distillation  the  conditions  are,  however,  much  simpler 
than  in  the  preparation  of  the  volatile  oils.  There  a  few  raw  materials: 
potatoes,  corn  or  maize,  and  only  one  end  product :  nlcohol.  The 
knowledge  of  the  apparatus  is  common  property.  It  can  l»e  constructed 
by  any  reliable  copjiersinith ;  and  its  manipulation  is  shown  by  the 
builder.  Here  on  the  other  hand,  there  are  numerous  crude  materials 
as  well  as  numerous  different  products,  which  according  to  the  use  to 
which  they  are  to  lie  put  require  different  methods  for  production  and 
purification.  The  apparatus  necessary  for  these  various  o])erations 
must  be  constructed  and  perfected  by  the  manufacturer  himself,  if  he 
does  not  wisli  to  remain  liehiud  in  the  competition  brought  nbont  by 
changes  in  the  methods  of  production. 

The  advantages  of  the  present  over  the  former  industry  are  a 
saving  in  time,  labor  and  steam,  an  increase  in  the  yield  and  especially 
an.  improvement  in  the  quality  of  the  oils.  I'oupled  with  these  are, 
however,  a  considerable  increase  in  the  cost  of  the  whole  plant,  and 
resulting  from  this,  the  necessity  for  production  on  a  large  scale. 
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Briefly  desi-ribed,  the  manufacture  takes  plate  in  the  following 
maimer.  The  prepared  raw  material  is  filled  into  the  distilling  apparatus, 
which  is  heated  by  steam.  The  vapors  saturated  with  oil  particles  are 
condensed  in  the  cooler.  Tlie  distillate,  consisting  of  water  and  oil, 
collect*  and  separates  in  the  receiver,  and  the  crude  oil  thus  obtained 
in  purified  when  necessary,  in  order  to  yield  the  finished  product.  The 
manufacture  consists  therefore  of  the  Following  operations: 

1.  Preparation  of  the  oil-coiitnining  material  for  d ist illation : 

2.  Distillation ; 

M.    ('ooling  and  condensing  the  vapors; 
4.    Purification  of  the  crude  oil. 

Preparation  of  the  oil -containing  material.  The  proper  prepa- 
ration of  the  raw  material  in  one  of  the  most  important  requirements 
for  the  distillation.  The  essential  oils  belong  to  the  secretion  products 
in  the  life  process  of  the  plant  cell  and  are  found  in  the  cytoplasm  of 
the  cells,  in  the  inter-cellular  spaces,  in  resin  ducts,  (in  the  conifers)  etc. 
If  the  cell  walls  are  very  tender,  the  steam  may  gradually  rupture  them 
and  bring  the  volatile  oil  to  boiling.  But  when  they  are  more  or  less 
woody  and  thick,  the  raw  material  must  l>e  comminuted  before  distil- 
lation, so  that  the  volatile  oil  may  !*■  removed  gradually  from  the 
fragments. 

The  comminution  apparatus  necessary  for  thin  operation  are  of 
various  designs.  Herbs,  leaves,  and  fresh  roots  are  rut;  liarks,  dry 
roots  and  dry  fruits  are  ground:  woods  rns|>ed;  seeds  crushed.  Each 
raw  material  requires  a  method  of  comminution  depending  on  its 
pro|>erties,  which  must  lie  further  modified  according  to  the  method 
of  distillation  to  be  employed.  The  process  of  distillntion  depends 
wholly  upon  the  proper  preparation  of  the  crude  material.  An  insuf- 
ficient or  unsuitable  comminution  not  only  raises  the  cost  of  the 
necessary  steam,  but  also  decreases  the  yield  of  oil.  With  oils  not 
readily  volatile,  the  material  still  retains  some  oil,  in  spite  of  an  increase 
in  the  time  of  distillation.  On  the  other  hand  many  oils  require  rapid 
distillation,  as  they  decompose  when  in  contact  with  the  moist  steam, 
yielding  useless  decomposition  products  which  are  wholly  or  partly 
soluble  in  water,  or  liecause  they  become  resinifiVd. 

Distillation.  The  distillation  of  the  essential  oils  with  steam 
depends  upon  the  physical  fart,  that  the  boiling  point  of  a  mixture  of 
two  liquids  which  are  not  miscible  must  always  lie  lower  than  that 
of  the  most  volatile  liquid. 
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The  boiling  of  a  liquid  i-ousists  in  the  cluuiur  from  the  liquid  to 
the  gaseous  state.  A  liquid  begins  to  lx>il  when,  in  the  (front?  of  heating, 
its  vnpor  pressure  has  increased  to  such  an  extent  that  it  id  able  to 
overcome  the_  outside  pressure  on  the  liquid,  i.  e.  when  it  oven-omen  the 
pressure  of  the  atmosphere  by  heating  in  mi  open  vessel.  The  vnpor 
pressure  of  the  heated  liquid  litis  then  risen  ti>  the  height  of  the  outer 
pressure.  If  the  liquid  cotwists  of  two  immiscible  liquids,  for  instance 
water  mid  n  volatile  oil.  then  on  heating  the  mixture,  not  oidy  does 
the  water  give  Hue  to  n  vnpor  pressure,  but  also  the  volatile  oil,  nnd 
the  mixture  will  therefore  lie  brought  to  boiling,  when  the  sum  of  the 
two  vnpor  pressm-en  is  equnl  to  the  outer  pi-ensure. 

The  distillation  of  water  and  oil  of  turjientine  niajr  nerve  an  illus- 
tration. Let  the  outer  pressure  lie  the  normal  atmospheric  presnurp  of 
7(H)  nun.  Under  thin  pressure  the  water,  if  hen  ted  id  one  would  boil  «t 
1(K)°  ('.  and  the  oil  of  turpentine,  for  the  greater  part,  would  not  boil 
until  about  ir>H°.  If.  however,  n  mixture  of  water  mid  oil  of  turpentine 
in  heated,  the  vnpor  prensuif  of  the  water  mid  hIho  that  of  the  oil  of 
turpentine,  tnke  part  in  overcoming  the  outer  pressure  of  TOO  mm. 
The  mixture  of  water  and  oil  of  turpentine  will,  therefore.  Ixiit  when  the 
Hum  of  the  two  vnpor  pivssures  in  equal  to  TWO  nun.  and  thin  taken 
pltire  at  9o.HQ,  for  ot  thin  tem|>ernture  the  water  haw  a  vnpor  pressure 
of  04T  mm.  mid  the  oil  of  turpentine  118  mm.  (both  according  to 
Regnnult),  or  both  together  TOO  mm. 

Thin  explains  why  a  mixture  of  water  with  a  volatile  oil,  although 
thp  boiling  point  of  thp  volatile  oil  when  distilled  nlone  is  usually 
higher  thun  that  of  the  wuter.  will  boil  lower  than  the  IsiMing  point  of 
the  water  anil  form  a  mixture  of  oil  and  water  vapors. 

Every  liquid  or  solid  body  that  shown  a  vapor  pressure  at  the 
ten qierat ure  of  the  water  vapor  employed  inn  lie  distilled.1) 

By  lowering  the  boiling  point  of  the  volatile  oils  by  distilling  them 
with  water  or  water  vapor,  it  is  possible  to  obtain  certain  chemical 
bodies,  which  when  heated  by  themselves  would  volatilize  only  with 
decomposition  at  their  high  boiling  points.  On  the  other  hand 
many  bodies  are  but  slightly  volatile  at  the  low  tenq>emture  at  which 
the  distillation  witli  water  or  water  vapor  is  conducted  and  require 
comparatively  large  quantities  of  water  vapor  for  volatilization,  so 
that  the  production  of  these  difficultly  volatile  bodies  with  water  vnpor 
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The  water  vtipor  in  the  source  of  the  hent  for  the  distillation  of  the 
volatile  oil*.  A  thorough  study  of  the  amount  of  service  obtainable 
from  thin  heating  material  is  therefore  of  great  iniportimce  from  mi 
economic  standpoint. 

Distinction  should  !«■  made  between  two  ways  of  heating,  the  direct 
and  the  indirect  heating  by  Kteam.  According  to  requirements  they 
are  employed  either  separate  or  together.  In  the  first  the  Hteam 
is  conducted  into  the  oil-containing  material  which  is  either  dry  or 
sus[>e]ided  in  water.  In  the  latter  the  Kteam  doen  not  come  into 
immediate  contact  with  the  oil-containing  material.  The  material  lien 
in  the  water,  and  the  water  in  heated  to  boiling  by  meant  of  Kteam  in 
the  outer  jacket  of  the  still,  or  pausing  through  a  coiled  tul>e. 

If  the  indirect  heating  is  nccomp,1ished  with  Maturated  water  vapor 
of  l.">0o.  consequently  under  a  pressure  of  nearly  Ave  atmospheres,  the 
steam  is  condensed  to  water  of  1(H)0.  provided  the  water  separator  is 
working  well  and  removeH  only  water  and  no  Kteam.  To  change  1  k. 
of  wHter  from  0°  into  saturated  vapor  of  l."0°  there  are  required  «Ti2.'l 
calories' 1  of  heat.  If  we  deduct  from  thin  the  heat  necessary  to  raise 
the  water  from  0°  to  100°,  namely  It  10.5  cal..  we  htive  for  the  heat  of 
vaporization  of  1  k.  of  water  of  1(10°  into  saturated  vapor  of  1.10° 
under,  pressure.  (i.">2.8  —  1<M.">  =  551.H  cal.  This  same  amount  of  heat 
is  Hgain  litwrnted  when  the  vapor  of  l."(l°  is  condensed  to  water  of 
100".  According  to  a  similar  calculation.  1  k.  of  saturated  compreKHed 
ateam  of  1HII°.  used  for  indirect  heating,  when  changed  to  water  of  100° 
liberates  001 .4  —  WO.."  =  560.11  cal.,  i.  e..  only  about  11  cal.  more  than 
saturated  steam  of  1.10°. 

In  the  direct  heating  proceKK.  the  steam  passing  through  the  still 
will,  at  the  expense  of  a  part  of  the  steam  which  is  condensed,  carry 
with  it  some  of  the  oil  as  vapor.  In  the  most  favorable  case,  the  ratio 
of  oil  vapor  ami  water  vapor  will  be  that  of  their  vapor  tensions  at 
the  temperature  at  which  the  distillation  is  conducted. 

For  the  sake  of  simplicity,  the  calculation  of  the  cost  of  steam  for 
n  distillation,  may  l>e  made  as  though  all  the  steam  was  condensed  to 
wnter  of  100°  and  that  the  mixture  of  vapors  of  water  and  oil  going 
over  into  the  condenser  was  formed  from  liquids  of  100°.  According  to 
this  the  amount  of  service  obtainable  from  the  steam  is  the  same  with  the 
direct  a*  with  the  indirect  heating  process.  In  practice,  however,  the  two 
ways  of  heating  are  not  equally  efficient.     With  the   indirect    heating 

.   la  the  unit   quantity  <>'  heat.     It  1»  the  nmount 
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process  all  of  the  heat  contained  in  the  steam  cannot  be  utilized,  h*  loan 
of  heat  cannot  t>e  prevented.  On  the  other  hand  hi  the  direct  heating 
process,  it  the  steam  is  conducted  into  the  oil-containing  material 
suspended  in  water,  or  into  the  volatile  oil  itself,  in  raw  of  rectification 
or  fractionation  a  Iohh  of  heat  in  only  possible  through  careless 
conduction  of  the  steam.  If  the  oil-containing  material  is  dry  in  the  still. 
the  low  of  heat  in  direct  heating  will  lie  usually  large,  and  with  cnreletw 
manipulation  may  become  ho  large,  that  only  a  small  part  of  the 
direct  steam  is  utilized,  while  the  larger  part  goen  unused  into  the 
condenser.  The  theoretical  heating  effect  of  the  steam  may  alao  be 
obtained  when  the  oil-containing  material  is  dry.  but  thin  can  t>e  dime 
only  under  certain  suppositions. 

hi  order  to  calculate  from  the  above  heat  value*  of  the  steam  the 
cost  of  the  steam  for  a  distillation,  the  product  of  the  distillation,  i.  e.. 
the  distillate,  must  first  be  more  closely  examined.  The  distillate  consists 
of  water  and  volatile  oil.  The  question  therefore  arises,  how  much 
water  and  how  much  volatile  oil  is  a  certain  amount  of  steam  capable 
of  distilling?  Evidently  the  answer  to  this  question  depends  first  of  all  on 
the  relative  weights  of  the  wafer  and  the  oil  in  the  distillate.  This  relation, 
of  course,  differs  with  the  character  of  the  volatile  oils,  and  is  further- 
more dependent  for  each  and  every  oil  upon  the  distilling  temperature 
employed,  and  the  changeable  composition  of  the  oil ;  on  the  other  hand 
the  ratio  is  fixed,  so  that  1)  with  a  surplus  of  steam  the  water  content 
in  the  mixture  of  vapors  going  into  the  condenser  may  indeed  lie 
increased;  2)  in  spite  of  an  economic  supply  of  steam  and  a  generous 
supply  of  oil  the  amount  of  the  former  cannot  lie  decreased.  The  amount 
of  oil  which  is  volatilized  with  the  steam,  is  determined  by  the  vapor 
pressures  of  both  at  the  distilling  temperature. 

The  quantity  of  oil  in  the  distillate  can  lie  determined  experimentally 
if  the  distillation  lie  so  conducted  that  the  vapor  contains  the  greatest 
possible  quantity  of  oil.  It  can  also  lie  calculated  if  the  vapor  pressure 
of  the  essential  oil  at  the  distilling  temperature  lie  known,  for  the  parts 
by  volume  in  the  mixture  of  the  vapors  of  two  immiscible  liquids,  are 
to  each  other  as  the  vapor  pressures  of  these  liquids  at  the  boiling 
temperature  of  the  mixture;  or  the  parts  by  weight  are  to  each  other 
as  the  vapor  pressures  multiplied  by  the  vapor  densities  or  the  mole- 
cular weights.    If 

mi  =  the  molecular  weight  of  one  of  the  liquids, 

/»i  =  the  vapor  pressure  at  the  distilling  temperature. 

ffi  =  the  part  by  weight  in  the  vapor. 
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and   farther  jju,   pt,  ga,   lie   the  corresponding    vnlnett    of    the    other 
liquid  then 

Ki  :  ga  =  //»i/n  :  map*. 

As  an  example  of  Kuril  a  calculation,  the  distillation  of  caraway  oil 
with  water  vapor  under  atmospheric  pressure  may  lie  taken.  Caraway 
oil  consists  of  a  mixture  of  limonerie  mid  carvone  in  nearly  equal  parte 
by  weight.  Its  boiling  temperature  by  distillation  with  steam  under 
atmospheric  pressure,  namely  7(H)  mm.,  in  a  few  degrees  below  100°;  at 
the  beginning  of  the  distillation  somewhat  lower,  toward  the  hint  nearly 
100°.  Tlie  vapor  pressure  of  the  limoneue  (molecular  weight  ISC)  at 
37.3°  amount*  to  V2  mm.,  that  of  the  water  (molecular  weight  1H)  at 
the  same  tenijierature  in  182  nun.  At  the  distilling  temperature  of  iS7.5°. 
there  will,  therefore,  be  in  the  diHtillate  for  every  100  k.  of  water,  70  k. 
of  limoneue.  At  17l(°,  the  boiling  point  of  the  limoneue  under  700  mm. 
pressure,  the  water  exerts  n  vapor  pressure  of  (ii)"2  mm.  of  mercury; 
therefore  at  17(1°.  with  100  k.  of  water  there  distill  over  MS  k.  of  limoneue. 
According  to  this,  at  a  distilling  temperature  of  i)(i°.  for  100  k.  of  water 
in  the  distillate  there  would  lie  about  75  k.  of  limoneue.  An  experiment 
with  limoneue  of  up.  gr.  0.H30  and  still  containing  some  carvotie,  gave 
for  100  k.  of  water  in  the  distillate  (JO  k.  of  limoneue.  Calculation  and 
experiment  agree,  therefore,  fairly  well.  For  carvone  (molecular  weight 
1311)  the  calculation  is  simpler.  l>ecause  its  vapor  pressure  1ms  been 
determined  at  about  100°,  namely  104.1°.  At  this  temperature  it 
amounts  to  VJ  mm.,  that  of  water  at  104.1°  being  MHO  mm.  For  every 
1O0  k.  of  water  in  the  distillate  there  will  lie  therefore  11  k.  of  carvone. 
By  experiment  !)  k.  were  obtained.  Thus  are  obtained  the  quantities  of 
oil.  which  theoretically  are  distilled  from  caraway  seed  with  every  100  k. 
of  water  under  atmospheric  pressure ;  namely.  75  k.  of  oil  at  the  beginning 
of  the  distillation,  which  amount  drops  down  gradually  to  11  k.  of  oil 
when  pure  carvone  distills  over.  But  as  even  the  very  first  parts  of  the 
distillate  contain  some  carvone,  they  will  not  contain  73  k.  of  oil  for 
every  100  k.  of  water,  but  much  less.  Ai-cording  to  a  carefully  performed 
experiment  of  a  caraway  oil  distillation  from  a  simple  still,  there  were 
obtained  in  the  beginning  of  the  distillation  87  parts  by  weight  of  oil. 
and  past  the  middle  of  the  distillation  !>  parts  by  weight  of  oil  to  every 
100  parts  by  weight  of  water. 

After  the  heat  effect  of  the  steam  for  the  distillation  and  the 
relation  of  water  and  oil  in  the  distillate  have  been  determined,  the 
lieot  necessary  for  obtaining  a  certain  amount  of  distillate  remains  to 
Ik-  ascertained. 
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Aside  from  the. heat  consumed  in  warming  the  distilling  apparatus 
mid  its  contents  to  the  i  lint  ill  iug  temj>erature.  the  distillation  requires 
a  hetit  supply  for  the  vaporisation  of  liquid  bodies  at  about  100°  tem- 
perature tit  atmospheric  pressure.  This  heat  of  vaporization  for  1  k.  of 
water  amounts  to  5:-Hi.-">  eal.  The  hent  of  vaporization  of  caraway  oil  or 
rather  of  its  constituents  has  as  yet  not  been  determined.  but  it  can  hv 
fairly  ai-eiirntely  calculated  by  P.  Trouton's  law,1)  ww-c irding  to  which  the 
molecular  heat  of  vaporization  is  proportional  to  the  absolute  temper- 
ature of  the  boiling  point.  For  limonene  the  calculation  gives  G5..1  eal., 
for  carvone  6fi  cal.  for  the  unit  of  mass.  To  t>e  suit,  these  are  the  heats 
of  vaporization  at  the  boiling'  temjieratures  of  limonene  and  carvone. 
namely  at  17.r>°  and  280°  respectively.  The  difference  from  the  heats  of 
vaporisation  at  H)0°  is.  however,  probably  small,  as  the  specific  heats 
of  organic  bodies  in  the  liquid  and  in  the  gaseous  state  are  nearly  the 
name. 

As  has  already  been  shown,  when  the  steam  is  utilized  to  the 
greatest  possible  extent,  the  distillate  from  caraway  oil  will  contain  at 
the  lieginning  of  the  distillation  87  k.  of  oil.  beyond  the  middle  of  the 
distillation  ft  k.  of  oil  for  every  100  k.  of  water.  Consequently  then' 
will  lie  in  100  k.  of  distillate  from  78  k.  of  water  and  27  k.  i>r  oil.  to 
92  k.  of  water  and  H  k.  of  oil,  the  heat  required  for  1  k.  of  distillate 
therefore  is  from  409  to  +99  cal.  In  other  words  1  k.  of  saturated 
steam  of  I'tll"  may.  with  its  available  heat  of  .">1.7  cal..  yield  in  the  most 
favorable  ease  of  a  caraway  oil  distillation  1.8  k.  to  1.1  k.  of  distillate. 
Or  when  the  heat  required  is  based  only  on  the  volatile  oil.  1  k.  of 
caraway  oil  costs  in  the  course  of  the  distillation  from  l."i.">2  cal.  to 
fS27r,  ,al.;  or  from  2.H1  k.  to  11.8H  k.  of  saturated  steam  of  ir>0°;  or 
from  2.77  k.  to  11.10  k.  of  saturated  steam  of  1«0°. 

The  heats  of  vaporization  of  the  volatile  oils  are.  as  already 
tueiitioned.  small;  still  smaller  are  their  differences.  They  cannot, 
therefore,  give  rise  to  a  ldgh  cost  of  steam  for  the  distillation.  With 
the  different  volatility  of  the  essential  oils,  it  is. .  however,  otherwise. 
The  caraway  oil  distillation  of  which  the  distillate  contains  at  the 
lieginning-  27%  of  oil,  and  later  at  least  H%,  is  an  example  of  ait  easily 
volatile  oil.  Other  oils,  for  instance  snudelwood  oil.  require  more  than 
the  twentyfold  amount  of  steam  for  distillation,  others  still  more.  It 
is  therefore  an  important  requirement  of  an  economic  management,  to 
decrease    the   loss    of    heat    as    much  as    possible,   i.  e.  to  conduct  the 

ij  W.  Oxtn-nld.  Alljwmrtnf  (hemte.  II.  Kil..  vol.  1.  p.  Jl."4. 
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distillation  in  such   a   maimer,  that  as  fur  ax  possible,  not  more  thtm 
1 1  n-  iu>ccMN)ii-y  liiiiiiiiunii  iniiount  of  steam  be  iwil, 

Incidental  to  in)  investigation  of  the  influence  of  the  addition  of  wilt 
to  the  water  in  obtaining  the  heavy  essential  nils,  the  French  chemist 
K.  Knubpimn1)  in  1K.H7  closed  his  observations  with  the  words:  "My 
experiments  definitely  show  tlmt  the  preparation  of  the  essential  oils, 
which  in  considered  as  a  well  known  operation,  is  on  the  contrary 
worthy  of  an  entirely  new  in  ventilation."  The  study  of  the  history  ol 
n  science  in  not  only  useful  for  a  lietter  understanding  of  tlie  science 
itself,  but  in  also  psychologically  interest  ill)!  and  instructive.  The 
mistake  of  considering  studies  in  any  part  of  a  lirani-h  of  science  aw 
concluded.  as  completely  i n vent igu ted.  only  Itecause  through  a  series  of 
yearn  no  new  promising  in  vent  i  gat  i  on  k  have  lieeu  recorded,  in  made 
ijnite  frequently.  The  preparation  of  the  volatile  oils  from  the  plants 
wan  considered  to  l>p  a  well  known  operation  not  only  (ill  years  ago, 
but  also  a  little  mope  than  a  decade  ago.  Now,  that  this  industry  has 
so  enormously  developed  through  snciessful  investigation  of  the 
volatile  oils  and  with  the  aid  of  better  mechanical  appliances,  when 
out  of  the  former  "Destillirkunst"  there  has  grown  a  scientifically  con- 
ducted industry,  which,  combined  with  commercial  experience  has 
leached  unthought  of  results,  we  know,  that  this  development  is  by  no 
means  completed. 

The  following  may  serve  as  the  most  important  characterizations 
of  the  different  processes  of  distillation  for  oil-containing  material,  or 
for  the  rectification  or  fractionation  of  the  oils  themselves: 

/t)  Dry  steam  distillation  with  saturated  steam  under  pressure. 

h)  The  same,  but  with  su)»erheated  steam. 

c)  Water  distillation. 

</)  Distillation  under  diminished  pressure. 

e)  Continuous  distillation. 
Through  modifications  in  the  conducting  of  a  certain  process  of 
distillation  in  an  apparatus  with  the  requisite  construction,  further 
through  suitable  combination  of  theHe  main  pris-esses.  according  to  the 
distilling  material,  or  according  to  the  desired  composition  of  the  oil. 
important  advantages  may  l>e  gained. 

In  the  larger  factories  the  distillation  of  oil-containing  materials  by- 
direct  heating  of  the  apparatus  over  a  free  fire  is  no  longer  used. 

■  )   I.lHllK'"  Annnli'li,   2S,  p.  2+5. 
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There  is  no  limit  to  the  size  of  the  apparatus.  If  the  i 
masses  of  distilling  material  are  at  liand.  which  Koch  aa  apparatus 
requires  for  its  economic  operation,  there  is  nothing  in  the  way  of 
erecting  aa  large  an  apparatus  an  may  be  desired. 

Cooling  and  condensing  of  the  vapors,  ('old  water  is  used 
in  general  for  cooling  and  condensing  the  vapor*  from  the  distilling 
apparatun.  The  vapors  are  conducted  into  the  condenser  through  a 
tube  which  connects  the  still  with  'the  condeiiHcr.  In  the  smaller 
fnctoiiPH.  Liebig  condense!*,  Hpii-al  condensers,  and  jacket  condensers 
according  to  Mitscherlich  are  used,  but  in  the  larger  ones  they  are  used 
only  exceptionally  for  certain  purposes.  Even  moderately  large  din- 
tilling  operations  require  that  the  cooling  effect  of  the  water  be  UHed  to 
the  liest  advantage.  To  condense  several- cubic  meters  of  distillate  in 
an  hour,  is  an  impossibility  with  these  condenser*.  Tube  condensers 
serve  for  tins  purpose  in  which  the  vapors  are  conducted  through  a 
hundle  of  tubes,  which  are  surrounded  by  flowing  water.  Vapor  and 
water  flow  in  opposite  directions.  The  capacity  for  work  of  these 
condenser*  i*  such  that  the  distillate  leaves  the  condenser  at  11  temper- 
ature of  20°.  and  the  condensing  water  up  to  K0°. 

ft  is  very  simple  to  calculate,  if  desired,  from  the  steam  used  from 
the  boiler  or  for  a  distilling  apparatus,  the  quantity  of  water  required 
to  condense  the  vapors.  1  k.  of  saturated  steam  of  150°  under  pressure 
has  taken  for  its  generation  from  water  of  1(1°  fii'2  Pal.  of  tlie  heat  of 
combustion  of  the  coal;  If  the  distillate  is  at  20°.  then  the  *team 
gives  back  032  ml.  in  forming  the  distillate.  If  the  water  flows  through 
the  condenser  with  a  liegimiing  temperature  of  H>°  and  with  an  average 
end  temperature  of  (10°.  then  1  k.  of  water  is  capable  of  taking  up  50  cal. 
of  heat,  according  to  which  12  to  13  k.  of  water  are  required  to  condense 
1  k.  of  saturated  steam  under  pressure.  With  water  of  a  beginning 
temperature  of  20°  about  10  k.  are  required  for  the  condensation. 

The  collection  of  the  distillate  in  receivers  and  the  separation  of 
the  oil  from  the  water  according  to  the  different  specific  gravities  of 
the  two.  offers  nothing  of  particular  interest. 

Purification  of  the  crude  oil.  The  odor,  taste,  and  color  of 
the  oil.  are  of  the  utmost  importaiK-e  in  the  manufacture.  Iu  steam 
distillation  decomposition  of  the  plant  material  occurs  to  a  greater  or 
less  extent.  When  the  distillation  is  a  prolonged  one  or  ie  carelessly 
conducted,  decomposition  of  the  nlhumins  and  albuminous  constituents, 
of  ammonia  derivatives,  of  fats  and  other  fatty  acid  compounds,  even 
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of  the  carbohydrates  takes  place.  Volatile  decomposition  product*  are 
formed,  such  for  instance  as  sulphuretted  hydrogen,  ammonia,  carbonic 
arid.  triniethylamine.  lower  and  higher  fatty  acids,  acrolein,  furfural . 
acetaldehyde.  phenols  of  creosote  like  odor  and  numerous  other  bodies. 
which  with  few  exceptions  possess  a  disagreeable  odor,  that  imparts 
itself  to  the  volatile  oil.  In  order  to  understand  the  character  of  these 
decomposition  products,  it  must  lie  remembered,  that  the  process  of 
distillation  takes  place  in  the  absence  of  air.  for  the  steam  expells  the 
air  from  the  still,  so  that  the  reactions  of  decompositions  are  largely 
hydration  processes.  In  addition  to  this  decomposition  of  the  crude 
material,  the  volatile  (til  itself  may  suffer  changes.  These  may  be 
brought  about  by  the  heat,  the  water  mid  also  by  the  decomposition 
products  of  the  plant,  material.  They  consist  of  reduction,  oxidation, 
polymerization,  condensation,  saponification  of  esters,  etc.  These 
changes  in  the  composition  of  the  oil  may  be  slight,  but  sometimes 
they  are  vpry  important.  Finally  there  is  still  a  third  source  of  con- 
tamination in  the  volatile  oil.  namely  that  of  volatile  substances 
which  occur  along  with  the  useful  volatile  oil  in  the  plant.  It  is  true 
that  for  the  purposes  of  obtaining  the  volatile  oil,  plant  material  is 
classified  ns  that  containing  oil  and  that  which  is  free  from  oil.  This 
is  correctly  expressed  if  we  understand  by  the  term  volatile  oil,  not 
all  volatile  substances,  but  only  tln>se  which  have  a  commercial  value, 
'or  there  are  volatile  substances,  other  than  water,  in  all  plants. 
Volatility  is  a  very  common  property  of  organic  bodies  of  low  chemical 
composition,  and  bodies  of  this  nature,  intermediate  products  of  the 
constructive  and  destructive  metabolism  in  plant  life,  are  constituents 
of  all  plants.  The  common  herbai-eous  odor  of  the  green  parts  of 
plants,  the  herbaceous  and  hay-like  odor  of  dried  leaves,  the  woody 
odor,  or  the  pungent  fetid  odor  of  the  stems  of  many  blossoms  are 
very  apt  to  cover  the  odor  of  a  mild  smelling  volatile  oil  which  is 
present  in  only  small  <iuantitie«.  This  may  take  place  to  such  an 
extent,  as  to  make  the  producr  wholly  worthless. 

From  this  it  will  be  seen,  how  numerous  the  causes  are  for  the 
deterioration  of  the  volatile  oils.  The  foreign  odor  which  is  thereby 
given  to  the  oil,  was  lormerly  and  probably  is  even  now  called 
"Blaaengeruch."  This  is  ati  old.  very  inappropriate  term,  which 
arose  at  a  time  when  the  various  causes  of  this  odor  were  still  unknown. 
The  socalled  '"Blaseugeruch"  was  formerly  the  distinguishing  property 
of  every  crude  oil.  If  it  was  slight,  attempts  were  made  to  remove  it 
hy  long  expfwnre  of  the  oil   in  open    vessels.     The  more  easily  volatile 
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impurities  jrrHdually  evaporate  during  Miw  treatment,  such  as  sulphur- 
etted hydrofren.  ncetaidehyde,  ami  iitiinioiiiti,  while  the  rest  arc  held 
Link  b.v  the  oil.  The  more  difficultly  volatile  Hulwtnni-es,  mn-li  as  the 
phenols  with  a  sharp  mid  }ieuet  rating  odor  reaiain  nearly  all  in  tin' 
oil.  A  part  of  these  impurities  form  new  compound*  with  the  con- 
stituents of  the  oils.  Finally,  the  exposure  in  open  vessels  in  also 
favorable  to  the  resin  iff  en  Hon  of  the  oils.  Oa  the  whole  thin  method 
for  the  purification  of  the  oil*  can  only  lie  considered  as  an  inadequate 
apcilojiy. 

When  the  accompanying  odor  wan  stron<rer.  or  when  the  oil  was 
colored,  it  wan  njrnin  distilled,  i.  e.  rectified,  and  when  this  wax  not 
sufficient,  the  ojieratioii  wan  repeated,  hence  the  term*  "twice,  thrice 
rectified  oil."  At  present  there  are  known  many  method*  of  purification, 
entirely  different,  anil  each  suited  for  a  particular  cane.  In  Home  cases 
a  witifrle  rectification  by  diHtillation  in  a  useful  means  for  purification, 
but  only  when  the  presence  of  volatile  impurities  in  small.  If  properly 
i-onducted  a  sinjrle  rectification   should  l>e  sufficient. 
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The  volatile  oils  are  widely  distributed  in  the  vegetable  kingdom , 
more  particularly,  however,  in  the  phanerogams.  From  the  crypt ogams, 
a  volatile  oil  has  wo  far  been  obtained  only  from  the  male  fern.  In 
most  cases  Hie  oils  exists  preformed  in  the  various  organs  of  the  plant, 
the  leaves,  flowers,  fruits,  stems  ami  roots.  They  occur  secreted  either 
in  glands  or  in  canal-like,  intercellular  receptacles.  Only  a  Jew  are 
formed  by  hydrolysis  during  the  process  of  preparation  from  other 
substances  in  the  plant,  e.  g.  bitter  almond  oil  from  amygdalin,  mustard 
oil  from  sinigrin.  Nothing  definite  is  known  with  regard  to  their 
function  or  their  relation  to  the  other  constituents  of  the  plant 
organism.  It  appears,  however,  to  be  well  established  that  they  are 
excretions  formed  during  the  life  process  of  the  plant,  which  are  of  no 
further  importance  in  the  processes  of  metabolism.  It  does  not  follow 
from  this  that  they  are  therefore  useless,  for  they  act  as  a  means  of 
attracting  insects  that  bring  about  fertilisation,  they  also  protect' 
plants  against,  enemies.  These  oils  are  not  definite  chemical  unite,  but 
mixtures  of  substances  belonging  to  many  series  anil  classes  of  com- 
pounds. The  oil  from  one  and  the  same  plant  does  not  even  always 
possess  the  same  composition.  Thus  e.  g.  the  distillates  from  various 
organs  of  a  plant  show  differences  in  odor  and  physical  properties. 
These  differences  may  become  marked  even  more  strongly  if  plants  in 
different  stages  of  development  are  distilled.  If  volatile  oils  are  never- 
theless grouped  under  one  geueric  name,  it  is  because  they  have  several 
physical  properties  in  common  and  because  almost  all  of  them  are 
prepared  in  like  manner.  They  have  generally  been  regarded  as  being 
closely  related  to  those  organic  compounds  commonly  designated  as 
aromatic,  but  not  being  of  uniform  composition  they  cuii  naturally 
not  be  classed  with  them. 
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Among  the  various  constituent*  of  an  oil.  one  frequently  attracts 
attention  as  the  principal  bearer  of  the  odor.  In  many  instances  tliin 
constituent  in,  therefore,  the  most  valuable.  The  desire  to  obtain  it  in 
a  concentrated  and  pure  form,  may  have  given  the  first  impetus  to  the 
scientific  investigation  of  essential  oils.  So  long  an  organic  chemistry 
was  in  its  infancy,  these  investigations  could  not  be  crowned  with  great 
success.  Only  after  the  methods  of  investigation  had  been  improved 
hand  in  hand  with  the  progress  of  science,  an  insight  into  the  nature 
of  volatile  oils  was  obtainable.  This  insight  revealed  the  fart  that  the 
oils  are  as  a  rule  mixtures  of  a  number  of  complex  substances. 
How  slow  this  progress  was  formerly,  and  how  rapid  during  the  pa»t 
two  decades,  has  been  shown  in  the  historical  introduction.  This  chapter 
will  present  the  results  of  investigations  in  so  far  as  they  pertain  to 
substances  commonly  found  in  volatile  oils.  For  reasons  readily  under- 
stood, only  these  could  be  included  within  the  scope  of  this  work.  For 
the  same  reason  a  detailed  chemical  account  had  to  be  excluded. 
Details  of  chemical  and  physical  properties  will  be  found  in  the  larger 
chemical  handbooks  of  Beilstein  and  Ladenburg,  and  more  particularly 
in  the  excellent  monograph  on  terpene  derivatives  by  Heusler. 

The  analysis  of  a  volatile  oil  is  difficult  because  most  of  the  constit- 
uents are  liquid,  and  can,  therefore,  be  separated  only  by  fractional 
distillation.  This  operation,  imperfect  at  best,  is  often  rendered  more 
unsatisfactory  by  the  fact  thnt  certain  constituent  are  not  volatile 
without  decomposition.  For  this  and  other  reasons  it  is  best  to  subject 
an  oil  to  a  preliminary  examination,  the  results  of  which  often  suggest 
modifications  which  simplify  the  examination  considerably.  The  pre- 
liminary examination  consists  primarily  in  the  determination  of  the 
physical  properties  of  the  oil  and  of  its  elementary  composition;  also 
in  a.  study  of  the  behavior  of  the  oil  toward  certain  group  reagents, 
whereby  the  presence  or  absence  of  certain  classes  of'ehemicai  compounds 
can  be  ascertained. 

Of  the  physical  constants,  the  specific  gravity,  the  optical  properties 
and  the  behavior  of  an  oil  toward  heat  and  cold  allow  conclusions  to 
be  drawn  as  to  its  composition.  A  specific  gravity,  e.  g.  of  less  than 
0.!H>  indicates  the  presence  of  a  large  amount  of  terpenes  or  of  com- 
pounds of  the  fatty  series.  Heracleum  oil  (di5°=0.80— 0.88)  and  oil 
of  rue  (dio°  — O.HHH— 8.40)  belong  to  those  with  a  very  low  specific 
gravity.  Both  consist  of  derivatives  of  the  fatty  series.  Oil  of  orange, 
sp.  gr.  0.84-8— 0.8  "ri,  consists  largely  of  the  terpene  limonene;  turpentine 
oil,    with    a    specific   gravity    of   0.8.*»0— 0.H75.    almost    completely    of 
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hydrocarbons  CioHio  of  the  terpen?  series.  A  specific  gravity  higher 
than  0.90,  an  is  the  case  with  most  oils,  indicates  a  mixture  of  terpenes 
ami  possibly  their  oxygen  derivative:  whereas  a  specific  gravity  of 
more  than  1.0  indicates  the  presenr-e  of  compounds  of  the  aromatic 
series,  or  if  the  compound  contains  sulphur  or  nitrogen,  of  sulphides. 
nitriles.  or  isoaulphocynnides. 

The  optical  properties,  rotation  and  refraction,  are  of  less 
importance  unless  pure  chemical  compounds  are  to  be  examined  or 
adulteratioiiH  to  be  looked  for.  The  optical  activity  of  an  oil  indicates 
tlie  presence  of  a  compound  or  compounds  with  one  or  more  asym- 
metric carbon  atoms;  a  high  index  of  refraction  the  presence  of  a 
Mubstauce  or  substances  with  double  bonds. 

When  exposed  to  low  temperatures,  a  number  of  oils  deposit  one  or 
more  of  their  constituents  in  crystalline  form.  Some  oils,  like  rose  oil. 
contain  crystals  even  at  ordinary  temperature,  others,  like  orris  oil  are 
butyraceous  in  consistency.  These  substances  have  been  designated 
stearoptenes  or  camphors  and  are  paraffins,  higher  members  of  the 
series  of  fatty  acids,  such  as  lauric,  myristic  and  palmitic  acids,  and 
derivatives  of  Hromatic  and  hydros romatic  hydrocarbons. 

Most  oils  that  can  l>e  distilled  under  ordinary  pressure  without 
decomposition  begin  to  boil  above  l.">0°.  Exceptions  to  this  rule  are 
e.  g.  those  containing  sulphur,  and  the  oil  of  the  Digger's  pine,  which 
contains  normal  heptane.  In  the  absence  of  oxygenated  constituents, 
a  boiling  point  below  200°  indicates  the  presence  of  terpenes.  between 
2"i0  and  2H0°  sesquiterpenes,  above  !l<>00  polyterpenes. 

In  their  elementary  composition  the  volatile  oils  do  not  manifest 
great  variety.  All  contain  carbon  and  hydrogen ;  most  of  them  also 
contain  oxygen  in  larger  or  smaller  quantity;  few  contain  nitrogen  or 
sulphur  or  both.  The  presence  or  absence  of  oxygen  can  be  determined 
by  elementary  analysis  only.  The  presence  of  only  a  small  amount  of 
this  element,  up  to  -">  p.  c,  indicates  a  high  hydrocarbon  content.  The 
presence  of  sulphur,  which  can  be  oxidized  to  sulphuric  acid  by  means 
of  concentrated  nitric  acid  in  sealed  tubes,  indicates  sulphides  or  poly- 
Mulphides.  Nitrogenous  compounds  are  converted  into  cyanides  by 
heating  with  metallic  sodium  or  potassium  and  recognized  by  means  of 
the  Prussian  blue  reaction.  The  nitrogen  content  of  an  oil  is  mostly 
due  to  nitriles.  If  sulphur  is  also  found,  mustard  oils  are  present 
which,  as  a  rule,  betray  their  presence  by  their  characteristic  odor. 

After  the  elementary  composition  of  an  oil  has  been  ascertained,  a 
few  group  reagents  can  l>e  applied  to  learn  whether  special  attention 
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should  lie  given  to  one  class  or  another  of  chemical  compounds.  H  an 
oil  shows  an  acid  reaction,  it  contains  acids  or  phenols.  Small 
amounts  of  fatty  acids  occur  occasionally  as  decomposition  product* 
of  esters  present.  Larger  amounts  reveal  their  presence  by  tlie 
diminution  of  volume  when  the  oil  is  shaken  with  an  aqueous  solution 
of  caustic  or  carbonated  alkali.  The  presence  of  an  ester  or  lactone  can 
l>e  ascertained  when  an  oil  is  heated  with  alcoholic  potassa  of  known 
strength  and  titrated  back  with  standard  acid.  This  test  presupposes 
the  absence  of  free  acids  and  aldehydes.  Alcohols  can  l>e  converted 
into  acetic  esters  by  heating  the  oil  with  acetic  acid  anhydride.  Sub- 
sequent saponification  will  then  reveal  the  presence  or  absence  of  an 
alcohol  in  the  oil.  Aldehydes  and  ketones  can  be  recognized  by  their' 
addition  product*  with  alkali  bisulphites,  or  by  their  condensation 
products  with  hydroxylamine.  The  latter  contain  nitrogen  and  as  a 
rule  are  difficultly  volatile  with  water  vapor.  Ethers,  which  qre  some- 
times present  as  phenol  ethers,  can  be  recognized  by  means  of  Zeisel's 
method. 

After  these  preliminary  tests  bnve  revealed  the  presence  of  a  substani^e 
belonging  to  one  of  the  above  mentioned  classes,  it  is  sometimes  possible 
to  separate  it  without  fractional  distillation:  provided,  however,  that 
this  method  of  separation  does  not  change  the  other  constituents  of 
the  oil.  It  should  also  he  noted  that  these  methods  of  separation  never 
effect  a  perfect  isolation  l>ecause  the  other  constituents  of  tlie  oil  prevent 
a  part  of  the  substance  to  Ije  isolated,  from  reacting.  When,  therefore. 
the  non-reacting  portion  of  the  oil  is  fractionated  small  amounts  of 
this  substance  should  not  be  overlooked.  Thus  it  is  possible  with  these 
group  reagents  to  separate  aldehydes  and  many  ketones  with  acid 
sulphite  solution — a  reaction  that  can  at  times  be  facilitated  by  the 
addition  of  alcohol.  The  crystalline  addition  product  is  washed  with 
alcohol  and  ether  and  the  aldehyde  or  ketone  regenerated  by  the 
addition  of  alkali  or  dilute  acid.  Free  acids  and  phenols  can  !»•  shaken 
out  with  aqueous  alkali;  indifferent  substances  are  then  removed  from 
the  aqueous  solution  by  shaking  it  with  ether,  and  then  the  acid  or 
phenol  is  set  free  with  dilute  mineral  acid.  If  acids  and  phenoto  are 
lx>th  present,  the  former  are  separated  with  carbonate  solution. 
Lactones  yield  salts  of  the  corresponding  oxyacids  when  heated  with 
alcoholic  potassa.  They  are  precipitnted  as  lactones  or  oxyacids  by 
the  addition  of  a  mineral  acid.  Esters  that  maybe  present  are  saponi- 
fied by  this  treatment  with  alkali,  aldehydes  and  ketones,  however,  are 
modified  thereby  and  at  times  destroyed. 
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If  none  of  these  short  cuts  is  possible  the  oil  is  fractionated  either 
under  ordinary  or  diminished  pressure.  If  esters  are  present,  the  oil  is 
first  saponified.  It  may  he  taken  for  granted  that  the  apparatus  to  be 
used  and  the  methods  to  be  employed  are  known.  A  good  guide  for 
distillation  under  diminished  pressure  will  be  found  in  a  small  mono- 
graph on  this  subject  by  Anschiitz.1  The  various  fractions  obtained 
upon  a  careful  fractionation  are  examined  for  compounds,  in  part 
according  to  the  methods  already  mentioned.  A  trained  sense  of  smell 
will  prove  an  important  additional  factor.  Suspected  compounds  are, 
if  possible,  converted  into  crystalline  derivatives  and  thus  purified  and 
identified. 

Ketones  that  will  not  combine  with  acid  sulphites,  such  as  nienthone, 
camphor,  fen  eh  one,  earvone,  are  converted  into  oximes  or  semi- 
carbazones.  Inasmuch  as  the  oximes  suffer  rearrangement  with  acids, 
the  Bemicarbazones  are  at  times  to  be  preferred  because  the  ketones 
can  in  most  cases  be  regenerated. 

Alcohols  are  characterized  by  their  capacity  to  form  esters,  also 
phenylurethanes  with  phenylieocyanate  (carbanil).  They  can  be  purified 
by  means  of  difficultly  volatile  esters  of  monobasic  acids,  such  as  benzoic 
acid;  or  by  means  of  acid  esters  of  dibasic  acids,  such  as  succinic  acid, 
phthalic  acid,  etc.  Some  of  the  primary  alcohols  can  also  be  purified 
by  converting  them  into  calcium  chloride  addition  products  from  which 
they  are  easily  regenerated  by  means  of  water. 

From  the  hydrocarbons  traces  of  oxygenated  compounds  can  lie 
removed  by  repented  treatment  with  metallic  sodium.  It  low  boiling 
hydrocarbons  are  to  l>e  distilled  under  diminished  pressure  a  liquid 
alloy  of  potassium  and  sodium  is  preferable. 

As  to  the  compounds  themselves  that  are  found  in  volatile  oils,  they 
belong  in  part  to  the  aliphatic,  in  part  to  the  aromatic  and  hydro- 
aromatic  series  and  are  distributed  over  a  large  number  of  classes. 
The  hydrocarbons,  especially  those  of  the  formula  duHie,  are  widely 
distributed.  Of  greater  importance,  however,  are  the  oxygenated  na\t- 
stances,  because  they  are  mostly  the  liearers  of  the  characteristic  odor 
of  the  oil  in  which  they  are  contained.  In  addition  to  the  hydrocarbons 
there  have  been  found  alcohols,  aldehydes,  acids,  esters,  ketones, 
phenols,  phenolethers,  lactones  and  oxides,  further  sulphides,  nitrites 
and  isothiocyanates. 

>)  Die  Dentil Istton  miter  veniilndertcm  Dmckr. 
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Hydrocarbons. 

a.    Aliphatic. 

The  lowest  hydrocarbon  of  the  paraffin  series  which  lias  been  found 
in  a  volatile  oil  is  the  normal  heptane,  CtHis  (b.  p.  0H°).  It  constitutes 
the  bulk  of  the  oil  obtained  from  the  oleoresin  of  the  Digger's  pine. 
Pi  nun  sabinianu. 

The  higher  members  of  the  paraffin,  and  probably  of  the  oleflne  series 
also,  appear  to  be  quite  widely  distributed  in  the  vegetable  kingdom. 
They  constitute  the  waxlike  coating  and  secretions  on  leaves,  flowers, 
fruits  etc.  In  volatile  oils,  however,  they  are  not  met  with  commonly 
because  of  their  sparing  volatility.  Sometimes  they  separate  in  crystalline 
form  when  the  oil  is  exposed  to  a  low  temperature,  or  they  remain 
behind  upon  fractional  distillation.  In  the  oils  of  rose  and  chamomile, 
however,  the  amount  of  paraffin  is  so  large,  that  the  oil  congeals  even 
at  middle  temperature.  Apparently  these  hydrocarbons  seldom  occur 
alone,  but  as  mixtures  of  homologues  as  has  been  shown  in  the  case  of 
rose  oil.  Their  melting  points  seldom  if  ever  agree  with  those  of  known 
members  of  the  series.  With  the  exception  of  the  heptane  referred  to. 
they  are  obtained  principally  as  white,  colorless,  laminar-crystalline 
masses  which  are  with  difficulty  soluble  in  cold  alcohol,  but  readily  soluble 
in  hot  alcohol  and  other  organic  solvents.  They  are  remarkable  on. 
account  of  their  stability  toward  concentrated  acids  and  oxidizing 
agents  at  ordinary  temperatures. 

The  rose  oil  stearoptene  melts  at  85°  and  when  distilled  in  vacuum 
can  be  resolved  into  two  fractions  melting  at  U2°  and  40 — 41°  respectively. 
In  addition  to  this  solid  mixture,  paraffin  (or  olefine)  hydrocarbons 
have  been  found  in  the  following  volatile  oils: 

Arnica  flower  oil M.  I*.  68°  Sassafras  leaf  oil M.  P.  58° 

Chamomile  oil "      88—54°  Oil  of  gaiiltlieria "      6B.5° 

Dill  oil "     «4°  Oil  of  sweet  birch "     65.5° 

tiara  way  oil  (from  herb)     "      fi4°  Oil  of  wild  bergamot "     C2° 

N'eroli  oil  (Aurade) "     .">:j° 

Diolefinic  hydrocarbons  have  so  far  not  been  found  in  volatile  oils. 
The  hydrocarbon  isopi'cne.t'jHs.  which  belongs  here  and  which  is, closely 
related  to  the  terpenes.  has  been  found  only  as  a  decomposition  product 
of  caoutchouc  and  of  turpentine  oil.  For  its  preparation  consult 
Mokiewskv's  remit  work.1 
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However,  chain  hydrocarbons  of  the  formula  of  saturation  CpHan-* 
with  three  double  bonds  have  been  found.  In  composition  they  agree 
with  the  terpenes  but  differ  in  having  a  lower  specific  gravity  and 
in  their  index  of  refraction.  These  hydrocarbons  which  have  been 
termed  "oleflnic  terpenes"  by  Semmler  have  not  yet  been  well  character- 
ized. They  show  a  great  tendency  to  resinify,  especially  when  distilled 
under  ordinary  pressure. 

The  first  representative  of  this  class  was  found  in  oil  of  bay  by 
Power  and  Kleber1  in  1805  and  termed  myrcene  by  them.  It  boils  at 
167"  with  partial  resin iflcation,  under  20  mm.  pressure  at  <>7— 08°; 
diB-  =  0.H023;  n„=l.*378. 

The  only  known  reaction  by  which,  in  the  absence  of  crystalline  ad- 
dition products,  it  can  be  identified  is  by  means  of  its  hydration  with 
glacial  acetic  and  sulphuric  acids  at  40°  according  to  Bertram's 
method.2  Myrcene  is  thereby  converted  into  an  acetate  of  lavender-like 
odor,  which  upon  saponification  yields  linalool.  Permanganate  oxidizes 
myrcene  to  succinic  acid. 

Similar  hydrocarbons  have  been  found  by  Chapman3  in  oil  of  hops 
in  1894;  by  Gildemeister*  in  Smyrna  origanum  oil  in  1805;  and  finally 
by  Kleber5  in  sassafras  leaf  oil  in  18i)*i.  ' 

b.  Aromatic  and  hjdroaroniatic. 
A  hydrocarbon  of  the  aromatic  series  of  the  composition  CiuHm 
was  isolated  by  Lunge  and  Steinkauler*  in  1880  from  the  oil  of  the 
needles  of  the  mammoth  fir.  Sequoia  gigantea  and  was  termed  sequoi- 
fiie  by  them.  It  consists  of  laminar  crystals  which  melt  at  10ii°  and 
boil  at  200— 800°  (uncorr.).  It  is  not  identical  with  fluorene  and  other 
hydrocarbons  of  like  composition. 

Sty renk. 

The  simplest  aromatic  hydrocarbon  with  an  unsaturated  Bide  chain 
that  is  found  in  volatile  oils  is  styrene.  C8Hb.('H=CH2.  It  occurs  in 
storax  oil  and  recently  has  been  found  in  xanthorroea  resin  oil.  It  is 
probably  formed  by  the  decomposition  of  cinnamic  acid. 

Styrene  is  a  colorless,  highly  refractory  liquid  of  a  pleasant  odor, 
which  polymerizes  to  a  transparent,  glasslike  and  odorless  mass,  tneta- 
ntyrene  ((.'sHsJn.   by  lieing  kept  for  some  time,  and  more   rapidly  by 

')  Pharm.  Kimdwh.,  1H.  p.  HI.  *)  Arch.  cl.   Pharm.,  2HS,  p.  1N4. 

>)  O.  I.  P.  80711.  *)  Berlcht  S.  &  Co.,  April  18««.  n.  71. 

•)  Jnurn,  f'hem.  Soc,  '17.  |i.  54.  «)  Itsrtcht*.  IB,  p.  16515;   14.  p.  'J202. 
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heating   or   when    in    contact    with    acid*.     The    boiling  point  of   pure 
styrene  is  144 — 144.5°. 

As  to  its  physical  properties,  the  following  statements  haw  been 
made : 

B.  p.  140°  at  760  mm.;  dao==0.S>074:  nB=1.54080  (Bruhl.i  18K6). 
B.  p.  146.2";     do-  =  0.0251     (Weger,*    1NHH);     <££  =  0.90."»9."» ;    it,.  = 
1.54844  (Nasini  &  Bernheimer.*  1HH5). 

Pure  styrene  is  optically  inactive.  Dilute  nitric  acid  or  chromic  acid 
mixture  oxidize  it  to  benzoic  arid. 

For  identifying  styrene  the  well  crystallised  styrene  dibromide 
CnHs.CHBr.CHaBr  is  used,  and  is  obtained  by  allowing  bromine 
(17  parts)  to  drop  into  a  solution  of  the  hydrocarbon  (10  parts)  in 
twice  its  volume  of  ether  (Zincke.4  18HS).  On  evaporation,  the  bromide 
separates  in  crystals,  which  after  being  recryntnUized  from  HO  percent 
alcohol  have  the  melting  point  74 — 74.5°. 

Cymkne. 

Of  the  hydrocarbons  designated  as  cymenes  only  the  ineta,  nnd  para 
compounds  are  of  importance  to  the  chemistry  of  the  volatile  oils. 
While  m-cymene  has  been  observed  only  as  a  decomposition  or"Abbau" 
product  (Kelbe,  dry  distillation  of  colophony ;  Wallach.  dehydration  of 
fenchone;  Baeyer.  splitting  off  hydrogen  from  sylvestrene),  p-eymene  is 
a  frequent  constituent  of  volatile  oils.  Up  to  the  present  it  has  been 
found  in  the  volatile  oils  from  Thy  mm  vulgaris,  Th.  serpyllum, 
Th.  capitiitus,  Siitureja  horteneis,  S.  thymbra,  Monardn  punrttitu. 
Ptynhotis  ajowan,  in  origanum  oil  from  Trieste  and  Smyrna,  in 
Roman  caraway  oil  from  Cuminum  cyminum,  in  the  oil  from  the  seeds 
of  water- hem  lock,  Gicutu  virosa.,  and  in  the  oil  from  Eucalyptus 
haetnaatoma.  Like  m-cyniene  it  has  also  been  frequently  obtained  as  a 
transformation  product.  Formerly  it  was  thought  that  all  terpenes 
were  related  to  this  hydrocarbon;  that  they  were  its  hydroderivatives. 
According  to  recent  investigations,  however,  this  conception  is  not 
wholly  correct.  It  is  worthy  of  mention,  that  several  compounds  of  the 
formula  CmHioO  can  be  changed  to  p-cymene  by  the  abstraction  of 
water,  for  instance,  camphor  and  citral. 


I  I.ieblff'H  Annul™.  28H.  p.  1H. 
1  IJebltt'x  Annalen,  221.  p.  69, 
)  Gnu.  chJm.,  IS.  p.  "ill:  Jahnwlw 
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Cymene  in  a  colorless,  pleasant  smelling  liquid,  which  possesses  the 
peculiarity  of  becoming  turbid,  with  Reparation  of  water  on  standing 
for  some  time;  the  reason  for  this  behavior  is  not  known  with  pert ainty. 
perhaps  it   is  due  to  a  gradual  oxidation.     For  common  cymene  was 

B.  p.  173—170°;  di5° =0.8602  (Widman,1  1891). 

B.  p.  175.2— 173.9°  (at  732mm.);  d^-=0.H331;  nD  =  1.48463  (Bruhl.» 

1892). 
B.  p.  17S.3— 174.5°  (at  768  mm.);    dis°=0.8393:    d2u°=0.85BK;  n„= 
1.479  (Wolpian.8  1898). 

The  pure  hydrocarbon  Is  optically  inactive.  Dilute  nitric  acid  and 
chromic  acid  mixture  oxidize  it  to  p-toluic  acid  and  finally  to  terephthalic 
acid.  Potassium  permanganate  acts  on  it  only  with  difficulty  and 
changes  it,  particularly  with  heat,  into  p-oxyisopropyl  ben  zoic  acid 
(m.  p.  155—136°)  which  with  dilute  hydrochloric  acid  yields  p-isopro- 
penylbenzoic  acid  (m.  p.  255—261)°)  by  splitting  off  water  (B.  Meyer  4 
Rosicki,*  1H8.'1).  0 xy i sop ropyi benzoic  acid  is  characteristic  for  p-cymene 
and  is  used  for  its  identification.  For  its  preparation  Wallach  in  1891 
gave  the  following  directions:5 

2  g.  nt  a  time  of  the  hydrocarbon,  prepared  ns  pure  as  iKissihle,  are  heated 
with  a  solntion  of  12  g.  of  potassium  permanganate  hi  '180  g.  of  water  on  u 
waterbath  with  reflox  condenser,  the  mixture  being  frequently  agitated.  When 
the  oxidation  is  complete,  the  filtrate  from  the  oxides  of  manganese  in  evaporated 
to  dryness  and  the  saline  residue  boiled  with  alcohol.  The  potassium  salt 
which  is  soluble  in  the  alcohol,  is  decomposed  in  aqneous  solntion  with  dilute 
sulphuric  acid  and  the  precipitated  acid  reccystallized  from  alcohol. 

The  barium  salt  of  the  sulphonic  acid  produced  by  treating  the 
hydrocarbon  with  concentrated  sulphuric  acid  is  also  characteristic  for 
cymene.  It  (CioHig.  SCMaBa  crystallizes  in  shining,  difficultly  soluble 
laminae  and  contains  three  molecules  of  water  of  crystallization  which 
can  be  completely  driven  off  at  100°.  The  wulphone  amide  which  can 
l>e  prepared  from  the  chloride  of  this  sulphonic  acid  melts  at  115 — 116°. 
That  cymene  sulphonic  acid  may  also  result  from  the  action  of  sulphuric 
acid  on  different  terpenes  must,  however,  be  remembered. 

Terpenes. 
The  principal  hydrocarhons  occurring  in  volatile  oils  have  the  com- 
position  CioHiu.   are   of  n   cyclic   nature  and   belong  to  the  class  of 

I)  Berlclite,  24.  p.  402. 
>>  Berlchte,  25,  p.  172. 
i)   ['harm.  Zeltachr.  t.  Kusnl.,  Hr>,  ]>.  11 
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"terpenes  proper.'"  As  to  their  formation  in  the  plant  organism  nothing 
definite  is  known.  They  possibly  are  frenetically  related  to  oxygenated 
chain  compounds  from  which  hydrocarbons  OioHie  ran  be  prepared 
artificially  by  splitting  off  water.  It  is  remarkable,  however,  that  the 
terpene  content  o[  an  oil  in  greater  the  less  developed  the  plant  was  at 
the  time  of  distillation. 

The  majority  of  the  known  hydrocarbons  of  the  terpene  group  nre 
found  ready  formed  in  nature:  viz.,  pinene,  camphene,  linioneue,  dipen- 
tene,  phellandrene.  sylvestrene.  terpinene.  With  exception  of  the  raceniie 
dipentene  and  the  inactive  terpinene.  these  hydrocarbons  occur  in  both 
optical  modifications,  though  in  different  volatile  oils  and  with  a 
varying  degree  of  rotation.  It  might  appear  doubtful,  therefore,  whether 
dipentene  and  terpinene  are  nntural  hydrocarbons  or  decomposition 
products  of  readily  changeable  terpenes. 

To  isolate  a  terpene  in  pure  form  from  a  volatile  oil  by  means  of 
fractional  distillation  is  mostly  impossible.  Neither  is  it  necessary,  for 
it  suffices  to  remove  oxygenated  compounds  from  the  fraction  150—180° 
by  repeated  distillation  over  sodium.  The  physical  constants  can  then 
be  determined  and  a  characteristic  crystalline  derivative  prepared. 
These  will  lie  descrilied  under  the  individual  hydrocarbons. 

Pinene. 

Pinene  is  the  principal  constituent  of  the  distillates  from  the  resinous 
excretions  of  different  species  of  Pinus,  which  occur  in  commerce  under 
the  name  of  turpentine  oils.  In  smaller  amount**,  usually  together  with 
other  terpenes,  it  has  been  found  in  a  large  number  of  volatile  oils. 
Both  optically  active  modifications  occur;  American  turpentine  oil. 
German  and  Swedish  pine  needle  oil  from  Pinus  silvestris,  the  tar  oil 
(Kifmol)  from  the  same  species  and  the  distillate  from  the  needles  of 
Pinus  cpnibrn  consist  mainly  of  d-pinene.  while  French  turpentine  oil 
contains  mostly  1-pmene. 

d-Pinene  (australene)  has  been  shown  to  be  present  in  cypress  oil, 
star  anise  oil,  camphor  oil,  oil  of  laurel  leaves  and  berries,  mace  oil. 
fennel  oil,  galbanum  oil,  coriander  oil,  niaouli  oil,  myrtle  oil,  oil  of 
cheken  leaves,  eucalyptus  oil  (E.  globulus).  French  basilicum  oil.  spike 
oil.  and  tansy  oil.  1-Pinene  (terebentenel  occurs  in  the  following  coni- 
ferous oils:  in  the  oil  from  the  leaves  and  cones  of  Abies  lilbn,  in  the 
pine  needle  oils,  in  the  oil  of  /'.  montium  Miller,  in  English  pine  needle 
oil  from  P.  sih-ftris,  hemlock  oil,  in  the  oils  of  Abies  sibiricn  and  A. 
/■nmnlfiisis,  further  in  canelln  oil.  olihamim  oil.  cajeput  oil.  valerian  and 
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kesso-root  oils,  in  thyme  oil,  spearmint  oil,  in  the  oil  from  the  fruit  of 
Petroeelinum  sativum  (parsley  seed  oil),  and  the  oil  of  As&rum 
vuropaeum.  In  small  amounts  pinene  has  also  been  found  in  elderl>erry 
oil,  thuja  oil,  nutmeg  oil,  massoy  bark  oil,  sassafras  leaf  oil,  rosemary 
oil,  in  peppermint  oil,  sage  oil,  lavender  oil.  and  the  oils  of  Thymus 
mpit&tue,  Saturejn  thymbm  and  Axufoetida. 

Pinene  is  one  of  the  few  terpenes  which  can  be  obtained  in  a  com- 
paratively pure  state.  It  is  obtained,  although  optically  inactive,  by 
treating  the  solid  pinene  nitrosochloride  with  aniline  in  alcoholic: 
solution  (Wallach.1  188!)  and  1800).  The  pinene  thus  obtained  shows 
the  following  properties: 

B.  p.  1"»— 156°;  d:»o°-O.H">H:  Hdsi°= 1.405  58  (Wallach,*  18911). 

For  the  preparation  of  the  active  modification  of  pinene,  American 
or  French  turpentine  oil  is  used,  the  fraction  boiling  below  160°  being 
purified  by  fractional  distillation  until  the  hydrocarbons  obtained  coin- 
cide in  boiling  point  and  in  the  other  properties  with  i-pinen».  The 
highest  rotations  so  far  observed  are: 

for  d-pinene  from  the  oil  of  the  needles  of  the  Siberian  cedar. 
Pinna  cembrn  (Flawitzky,8  18t>2) 
Hdih°=+4">.04°  (B.  p.   l.»G°  toit.  at  7»»  mm  B.;    d*£  — 0.8383};" 
for  1-pinene  from  French  turpentine  oil  (Flawitzky.4  1H7!>) 
[a]Daoo=— 4«.4°  (B.  p.  13.V;  d20O=0.Hr>H7)-4 

If  it  is  necessary  to  employ  solvents  in  determining  the  direction  and 
magnitude  of  the  rotation,  the  influence  which  these  exert  must  lie 
considered  (Landolt,*  1877:  Ritnbnch,"  1892). 

Pinene  is  a,  colorless,  mobile  liquid  which,  like  all  terpenes,' takes  up 
oxygen  from  the  air  on  standing  and  becomes  partly  resinified.  It  is 
readily  converted  into  other  terpenes,  thus  it  is  changed  by  a  higher 
temperature  (250—270°)  or  by  moist  hydrochloric  acid  into  dipentene 
and  its  di hydrochloride  respectively;  by  alcoholic  sulphuric  acid  into 
terpinolene  and  terpinene.  probably  with  dipentene  as  an  intermediate 
step.  By  treating  pinene  monohydrochloride  with  sodium  acetate  or 
aniline,  camphene  is  formed,  pinene  nitrosochloride.  however,  yields 
under  the  same  conditions  pure  pinene.  In  contact  with  dilute  mineral 
acids,  pinene  is  converted  in  time  into  terpin  hydrate  C»iHi«(0H)2.  H2O 

1)  Uehlft'x  Aimalen,  2B3i, 
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(in.  p.  111! — 117°),  and  by  hydration  with  sulphuric  add  and  glacial 
acetic  acid  it  is  converted  into  terpineol.  Oxidizing  agents  act  differently 
on  pinene.  While  concentrated  nitric  acid  produces  so  violent  a  reaction 
that  ignition  often  takes  place,  dilute  nitric  acid,  like  chromic  acid 
mixture  yields  besides  lower  fatty  acids  and  other  products,  terephthalic 
acid  CgHeO*  and  terebie  acid  CtHioCU.  Entirely  different  results  are 
obtained  with  potassium  permanganate;  very  dilute  permanganate 
solution  induces,  as  the  investigations  of  Wagner1  (1894  and  1890) 
have  shown,  chiefly  the  formation  of  neutral  oxidation  products,  such  as 
pinene  glycol,  etc.  By  employing  a  concentrated  solution  a  monohasic 
keto  acid  Cu.HjsOa,  pinonic  acid  (in.  p.  103— 105°)  is  formed  (Tiemann 
and  Semmler*  18115—1890;  Bae.ver8  1896).  This  on  the  one  haud. 
yields  Anally  terebie  acid,  on  the  other  hand  the  same  "Abbau"  products 
as  those  formed  by  the  oxidation  of  the  derivatives  of  camphor. 

Pinene  is  an  unsaturated  hydrocarbon  with  one  double  bond  which 
may  ba  removed  by  addition.  By  conducting  dry  hydrochloric  acid  gas 
or  hydrobromic  acid  gas  into  perfectly  dry  and  cooled  pinene,  the 
monohydrohalogen  derivatives  of  pinene  are  formed,  of  which  the  hydro- 
chloride, CioHi«HCl,  called  "artificial  camphor"  on  account  of  its 
camphorlike  odor,  melts  at  125°,  the  hydrobromide  at  90°.  Both  are 
converted  into  CKmphene  on  splitting  off  the  hydrohalogen.  If  bromine 
in  a  dry  solvent  is  allowed  to  act  on  pinene,  one  molecule  is  readily  taken 
up  with  decoloration.  On  further  addition  the  absorption  takes  place 
only  very  slowly  and  is  accompanied  by  evolution  of  hydrobromic  acid. 
From  the  product  formed  hy  the  addition  of  one  molecule  of  bromine 
to  pinene  a  dibromide  melting  at  169—170°  may  be  obtained  by 
distillation  with  water  vapor*  (Wallach,  1891).  A  larger  yield  of  this 
dibromide  is  obtained  by  treating  pinene  with  hypobromous  acid6 
(Wagner  and  Ginsberg,  1896).  By  splitting  off  hydrobromic  acid  by 
means  of  aniline  the  dibromide  is  changed  to  cymene,  while  when  treated 
with  zinc  dust  in  alcoholic  solution  it  yields  a  new  terpene  of  the  melting 
point  65— 66".  tricycleue0  (Godlewski  and  Wagner,  1897). 

The  compounds  which  are  best  suited  for  the  characterization  of 
pinene  are  pinene  nitrosoehloride,  formed  by  the  addition  of  nitrosyl- 
i-hloride  to  pinene,  and  the  uitrolainines  which  niny  be  prepared  from  it 


i)  Bertchte.  27.  p.  227l»:   29.  p.  SHI.  *l  Llebljr'M  Annftleii.  304, 
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by  treatment  with  organic  bases.  For  the  preparation  of  the  nitroso- 
chloride  Wallach  (1HHN  and  18H9)  has  given  the  following  directions:1 
A  mixture  of  50  g.  each  of  turpentine  oil  (immaterial  whether  laevo-  or 
dextrogyrate)  glacial  acetic  acid  and  ethyl  nitrite*  are  well  Pooled  in  a  freezing 
mixture  and  15  ec.  of  crude  (83  percent)  hydrochloric  acid  are  gradually  added. 
The  nitroBochloride  soon  separates  in  a  crystalline  form,  and  in  obtained  in  a 
fairly  pure  state  when  it  h  Altered  off  with  a  suction  pump  and  well  washed 
with  alcohol.  From  the  filtrate  some  more  nitrosochloride  separatee  on  standing 
in  the  cold.  It  is  profitable  in  regard  to  yield  to  work  with  small  quantities, 
as  only  then  can  the  low  temperature  be  maintained  which  is  necessary  for  the 
satisfactory  conduct  of  the  reaction;  large  quantities  of  pinol  CioHigO  are 
formed  as  a  by-product. 

The  nitrosochloride  is  a  white  crystalline  powder,  which  is  readily 
soluble  in  chloroform  and  may  be  again  separated  from  this  solution  by 
methyl  alcohol.  The  melting  point  of  the  recrystallized  compound  is  103°. 
Like  its  derivatives  it  is  optically  inactive.  According  to  observations  by 
Baeyer8  pinene  nitrosochloride  is  a  bisnitroso  compound  (CioH]«Cl)gNgOs, 
which  in  ethereal  solution  is  changed  by  hydrochloric  acid  into 
hydrochlorcarvoxime.*  By  splitting  off  hydrochloric  acid  with  alcoholic 
potassn  it  is  converted  into  nitrosopinene  (m.  p.  132°)»  which  has  been 
recognized  as  the  oxime  of  an  unknown  ketone  dnHnO.8  Aromatic 
bases,  such  as  aniline  and  toluidine  split  off  nitrosvlchloride.  regenerating 
piitene  with  the  formation  of  amidoazo-compounds.  Quite  different  is 
the  behavior  of  the  nitrosochloride  to  bases  of  the  fatty  series  and  those 
which  possess  their  characteristics,  as  for  instance,  benzylaiuine  and 
piperidine.  With  primary  buses  as  well  as  with  piperidine  nitrolaraines 
result;  the  secondary  bases,  like  diethylamine,  however,  produce  a 
splitting  off  of  hydrochloric  acid  and  formation  of  nitrosopinene. 

Aa  the  nitrosochlorides  of  different  terpenes  show  very  similar  melting 
points  and  besides  decompose  very  readily,  they  are  less  suitable  for 
characterization  than  the  nitrolamines,  which  are  very  stable  and 
crystallize  readily ;  these  have  been  prepai'ed  in  large  numbers,  although 
the  compounds  produced  by  the  reaction  with  benzylamine  and  piperidine 
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are  preferably  used.  For  their  preparation1  the  nitrosochloride  is 
treated  in  excess  with  the  base  dissolved  in  alcohol  and  heated  on  a 
water  bath ;  the  nitrolamine  formed  is  separated  by  the  addition  of 
water.  The  melting  point  of  pinene  nitrolpiperidine  is  118 — 119°.  tliat 
of  the  nitrolbenzylamiiie  122— 12-1°. 

Camphene, 

Camphene  is  the  only  hydrocarbon  d«Hie  known  in  the  solid  form. 
In  spite  of  this  apparent  advantage  it  has,  with  the  exception  of  u 
single  case,  not  been  possible  to  separate  it  as  a  crystalline  body  from 
a  volatile  oil.  Camphene  is  found  in  the  vegetable  kingdom  in  both 
active  modifications:  as  d-camphene  (austracamphene  of  Berthelot)  it 
is  contained  in  ginger  oil  and  spike  oil;  as  1-camphene  (terecamp^iene3 
of  Berthelot)  in  i-itronella,  valerian  and  kesso  oils.  It  has  also  been 
obtained  from  rosemary  oil,  camphor  oil,  French  and  American  turpen- 
tine oils,  as  well  as  from  the  oil  of  Pious  sibiriva,  but  only  from  the 
last  in  the  solid  form.  Artificially  camphene  is  obtained  in  various 
ways,  generally  by  splitting  off  hydrochloric  acid  from  pinene  monohydro- 
chloride  or  bromide,  or  bornylchloride  (horneo  camphene).  It  is  most 
readily  prepared  from  isobomeol  by  the  abstraction  of  water  with  rim* 
chloride. 

It  is  a  white,  crumbling,  crystalline  mass  with  a  faint  camphorlike 
odor,  and  shows  a  great  tendency  to  sublime,  but.  otherwise  is  much 
more  stable  than  the  other  terpenes  toward  air  and  light.  As  it  is 
obtained  in  a  solid  form  and  may  be  freed  from  adhering  liquid  bodies 
by  dissolving  in  alcohol  and  carefully  adding  water,  it  is  one  of  the  few 
terpenes  which  can  be  prepared  in  a  pure  state.  The  following  constants 
are  given : 

r  for  borneocaraphene : 

M.  p.  48—49°;  b.  p.  100-101°  (W.illach.a  1885);  d«°=0.850;  hc«h=  = 

1.45.",  (Wallach,*  1888): 
M.  p.  53.5—54°;  d^=0.8SH08;  nDBS.«°=1.45314  (Briihl.o  1892): 

for  camphene  from  pinene  chlorhydrate : 
M.  p.  51—52°;   b.  p.  158.5— 159,5°;  d^  =(1.84224:    iid«4°  =  1.45514 
(Briihl.o  1892): 

■  )  Wnllach.  LlelilR'a  Annalen,  245  (1SNS),  9)  Lleblg't  Annulet).  2i>,  p.  28*. 

p.  2.18:   232  (1889),  p.  ISO.  *)  I.leblR's  Annalen.  245.  p.  210. 

')  Camphene  iiranand  from  pinene  h.vdro-  »>  Bertehte,  25,  p.  16*. 

chloride    la    also    nometlmee   tleslRnnted   bh  «l  Berlchte.  25.  p.  162. 
lereeamphene. 
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for  camphene  from  isoborneol : 
M.  p.  50°;  b.  p.  loO— 100°  (Bertram  ft  Walbnum,*  18»+);  .",C°at  IT. mm. 

The  rotation  of  the  hydrocarbon  artificially  prepared  from  pinene 
hydrochloride  or  bomylchloride  varies  according  to  the  extent  of  the 
rotation  of  the  material  used  and  the  height  and  length  of  time  of  the 
temperature  employed  during  the  reaction;  thus  Bouchardat  and 
Lafont3  (1887)  obtained  hydrocarbons  whose  rotation  [«]„  was 
between — 80°  37'  and  —  80°  30'  by  treating  L-pinene  mono  hydrochloride 
([«]n  =  —  28°  30')  with  potassium  acetate  in  alcoholic  solution  at  l."0 
to  170°. 

For  a  d-camphene  obtained  from  bornyl  chloride  Kachler8  observed 
[«]d8b==+20°  (100.3  ™>™). 

Camphene  is  not  as  readily  inverted  into  isomers  as  the  other 
tei-penes.  Although  it  is  changed  by  heating  for  a  long  time  to  a  high 
temperature  or  by  treatment  with  dehydrating  agents  such  as  zinc 
chloride,  phosphoric  acid  anhydride  or  concentrated  sulphuric  acid,  the 
resulting  products  do  not  have  the  formula  CioHia. 

As  u  terpene  with  one  double  bond  camphene  yields  addition 
products  with  halogens  (dibromidc  in.  p.  00°)  as  well  as  with  hydro- 
halogens,  hut  not  with  nitrosylchloride.  Whether  the  hydrohalogen 
derivatives  are  identical  with  the  corresponding  compounds  of  borneol 
or  isoborneol  has  not  been  definitely  settled.4  The  hydrochloride  is 
obtained  by  conducting  gaseous  hydrochloric  acid  into  an  alcoholic 
solution  of  camphene.  According  to  Reychler4  (18JHj)  it  melts  at 
130—152°;  Kachler  and  Hpitzer=  (1880)  report  Lift— 137°. 

Oxidizing  agents,  such  as  chromic  acid  mixture,  permanganate  and 
nitric  acid,  do  not  act  in  like  manner  on  the  hydrocarbon.  Thus  dilute 
permanganate  solution  in  the  cold  yields  first  camphene  glycol 
CioHi«(OH)fl,  melting  at  11)2°.  On  further  oxidation  it  produce* 
camphene-camphoric  acid  CinHwO*,  small  quantities  of  a  ketone,  cam- 
phenilone  CaHnO  (m.  p.  80—88°),  homologous  with  camphor,  and 
principally  an  acid  CioHioOs  of  the  melting  point  171—172°  (Wagner's 
camphenylic  acid,  Bredt's  oxycamphenilanic  acid).  Nitric  acid  oxidizes 
camphene  principally  to  the  tribasic  camphoylic  acid  (Marsh  and 
Gardner)  CioHnOe  (Bredt'n  carboxyl-apocainphoric  acid).    Accompany- 

«)  Journ.  t.  prakt.  ('horn.  II.,  40,  p.  6. 

>)  Cumpt.  rend..  104.  p.  604:   Bull.  S.ir.  chlm.  II.,  47.  p.  4K8. 

3)   Uflbur'B  Annalen.  197,  p.  ST. 

*>  Jflnger  *  Klaffn.  1896.  Bertchte.  29.  p.  544:  Krychler,  iblil.  p.  006, 

B)  Llehijt's  Annnlen,  200,  p.  1148. 


byGoogle 


112  General  Part. 

ing  this  are  small  quantities  of  the  ketone  C»HuO  already  mentioned. 
Chromic  acid  mixture  yields  for  the  main  part  camphor  with  a  little 
camphoric  acid  and  other  products. 

All  of  these  derivatives  of  camphene,  however,  do  not  admit  of 
being  used  for  its  characterisation.  If  Fairly  pure  camphene  fractions 
are  under  consideration,  the  hydrocarbon  may  be  separated  in  the  form 
of  its  chlorhydrate.  Camphene  may,  however,  be  better  identified  by 
converting  it  into  isoborneol.  Only  when  larger  quantities  of  pinene 
are  present  at  the  same  time  with  the  camphene  the  detection  is 
unsatisfactory  even  with  this  method,  because  the  inactive  terpineol 
which  is  formed  at  the  same  time  with  the  isoborneol  retains  the  latter 
in  solution  and  a  separation  of  the  mixture  can  be  only  partial  ly 
accompliehed. 

According  to  Bertram  and  Walbaum  (1894)  camphene  can  be  con- 
verted into  isoborneol  according  to  the  following  method : ' 

100  parte  of  the  camphene  fraction  are  heatitd  with  250  ]>arte  of  glacial 
acetic  acid  and  10  parts  or  50  percent  sulphuric  acid  for  2—3  hours  to  50—60° 
with  frequent  shaking;  the  mixture  which  at  first  separatee  into  two  layers 
becomes  Anally  homogeneous  and  has  a  slightly  reddish  color.  When  the 
reaction  is  ended  the  acetate  formed  is  separated  by  water,  washed  repeatedly 
and  then  saponified  by  heating  with  a  notation  of  50  g.  of  potassium  hydrate 
in  250  g.  of  alcohol.  After  removing  the  alcohol  the  isoborneol  is  precipitated 
as  a  crumbly  mass  by  the  addition  o!  water  and  is  purified  by  rccrystalliiatiori 
from  petroleum  ether.  The  melting  point  of  isoborneol  is  about  212°;  the 
determination  must,  however,  be  made  in  a  sealed  capillary  tube  on  account 
of  its  great  tendency  to  sublime,  for  the  further  characterization  of  the 
isobarneol  its  bromal  compound,  m.  p.  71—72°*  may  be  used. 

Fenchene. 

A  strict  proof  that  fenchene  exists  in  volatile  oils  has  not  been 
furnished  up  to  the  present.  By  the  action  of  different  acids  Bouchardat 
and  Lafont8  (1891)  have  obtained  from  French  turpentine  oil  and 
Bouchardat  and  Tardy*  (189."))  from  fractions  of  the  oil  of  Eucalyptus 
globulus  an  alcohol  of  the  melting  point  42 — 45°.  the  identity  of  which 
with  fenchyl alcohol  lias  been  shown8  (1898).  It  appears,  therefore, 
that  this  hydrocarbon  is  to  be  classed  with  those  terpenes  which  occur 
in  nature,  and  for  this  reason  it  may  be  briefly  considered. 

Up  to  the  present  fenchene  has  been  prepared  artificially  only  by 
The  abstraction  of  water  from  fenchyl  alcohol  or  by  splitting  off  hydro- 

■  )  Journ.  I.  pr.  Chem.  II,  4 
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chloric   acid   from   fenchyl   chloride*    (Wallaoh  1891).     It   is  a  liquid 
terpene,  recalling  eamphene  in  odor,  and  is  known  in   both   optically 
active  modifications.    As  constants  have  been  found : 
B.  p.  134—153°;  dw=0.8660;  ddup  =  1.4698. 

B.  p.  155— 15fi°;    dis°=0.H670;    nDi8°  =  1.47047;a  aa=  ±21°    (W.,» 
1H!>H). 

Repeated  experiments  in  the  laboratory  of  Schhnmel  &  Co.  gave  the 
following  constants: 

B.  p.  154—150°  (7(15  mm.):    dis«  =  O.866O-0.H6«5; 
nDia°  =  1 .40788— 1 .40HH2. 

Fenchene  yields  no  characteristic  addition  product*  with  halogens, 
liydrohalogens,  or  nitrosylchloride  which  might  be  used  for  character, 
ization.  Like  camphene  it  can,  however,  be  hydrated  with  glacial  noetic 
acid  and  sulphuric  acid  to  an  alcohol  ('iuHmO,  isofenchyl  alcohol 
(m.  p.  (il.o—020)  which  with  phenyl  isocyanate  yields  a  phenylurethane 
melting  at  106—107°.* 

LlMOXENE. 

Limonene  is  a  very  widely  distributed  terpene.  Besides  the  dextro 
and  laevogyrate  forms  it  also  occurs  in  the  inactive  modification,  called 
dipentene.  As  some  of  the  dipentene  derivatives  are  different  in 
properties  from  the  corresponding  limonene  derivatives  it  is  usually 
considered  as  a  separate  hydrocarbon.  d-Limonene  (uitrene)  is  contained 
in  the  citrus  oils,  in  larger  quantities  in  the  oils  of  orange  peel,  lemon, 
and  bergamot,  in  mandarin  oil.  in  Italian  Hmette  oil,  in  neroli  and 
petit  grain  oils,  further  in  caraway,  dill  and  Macedonian  fennel  oil,  in 
celery,  erigeron  and  kuromoji  oils.  1-Limonene  does  not  occur  as 
frequently.  It  has  been  found  in  the  oil  from  the  needles  and  cones  of 
Abies  alba,  in  Russian  and  American  spearmint  oil  and  American 
peppermint  oil. 

Since  the  optically  active  limonehes  could  not  Im>  regenerated  from 
solid  derivatives,  recourse  had  to  lie  taken  for  their  preparation  to  the 
fractional  distillation  of  orange  peel  or  caraway  oils,  and  in  the  case  of 
1- limonene,  of  oil  of  Abies  alba.  The  most  carefully  purified  hydrocarbon 
possesses  a  pleasant  lemon  like  odor,  which  in  the  distillates  obtained  from 
caraway  oil  or  oil  of  Abies  alba  changes  after  keeping  for  a  short 
time,  the  odor  then  reminding  of  the  oils  used.    This  is  probably  due 
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to  the  presence  of  small  quantities  of  foreign  substances.    The  physical 
constant*  obtained  from  such  fractions  are  as  follows: 

B.  p.  li.T— 17t>°;  diB°  =  0.84G4;  nDir>  =  1-47568. 

For  1-liinonene  from  pine  needle  oil  Wallaeh  found  (1888): 
B.  p.  175—176°;  d2o°  =  0.846;  nD2o=  =  1.47459.* 

The  rotatory  power  is  not  constant.  The  greatest  deviation  wiim 
found  in  the  laboratory  of  Schimmel  &  Co.  for  a  d-limonene  fractionated 
in  vacuum  from  caraway  oil  [a]n  =  +  128° 40'  (no  solvent),  consequently 
a  still  greater  value  than  that  found  by  Kramers^  (1895).  For 
l-limonene  from  pine  needle  oil  Wallaeh8  (1888  and  1889)  has 
reported  [a]„  =  —  10-"i°  (in  alcoholic  or  chloroformic  solution!,  and 
Tilden  and  Williamson*  in  1898  found  a  similar  value  [a]„  =— 100°. 

Quite  recently  Godlewsky5  has  regenerated  limonene  from  the  tetra- 
bromide  by  reduction  with  sine  dust.  The  limonene  resulting;  had  the 
following  properties: 

B.  p.   177..V  at  759  mm.;    rt£  =  0.H585 ;   d£  =  0.8r.84:  d^  =  0.8425; 
[a]n  =  +  125°  86'  at  20°. 

The  regenerated  limonene  again  added  bromine  to  form  the  tetra- 
bromide  melting  at  104°. 

The  two  limonenes  are  completely  alike  in  their  chemical  behavior; 
both  give  the  same  derivatives,  differing  only  in  their  optical  rotation. 
By  mixing  equal  amounts  of  d-  and  1-Hmonene  dipentene  result*,  which 
hydrocarbon  is  also  formed  when  the  optically  active  limonenes  are 
heated  to  a  high  temperature  or  treated  with  acids.  In  a  completely 
dry  state  limonene  absorbs  one  molecule  of  hydrohalogen  with  the 
formation  of  liquid,  optically  active  compounds6  (Wallaeh).  By 
replacing  the  halogen  atom  by  the  hydroxy!  group  this  yields  optically 
active  terpineol7  (Semmler,  1895).  Only  in  the  presence  of  moisture 
does  an  addition  of  two  molecules  of  hydrohalogen  take  place,  with  the 
formation  of  derivatives  of  dipentene. 

Limonene  takes  up  four  atoms  of  bromine  and  forms  the  optically 
active  limonene  tetrabromide  (see  p.  ll."i)  melting  at  104 — 105°.  By 
the  addition  of  nitrosylchloride  there  result  two  (i-  and  ,?-)  nitroso- 
chlorides8  (Wallaeh,  1889)  which  are  prepared  in  a  similar  manner  to 
pinene  nitrosochloride  and  are  to  be  considered    as    physical    isomers. 

i>   l.leblR'B  AddbIvd,  246,  p.  929.  .  a)  <')iem.  Ontrbi.,  70',  p.  1341. 

>)  Ainer.  Chem.  Journ.,  IT,  p.  6112.  *)  AmiMleii.  270,  p.  1SS. 

»1  l.lehiK'*  Annivlen.  24U,  p.  222;  Wallaeh  »>  Btrtchte.  2«,  p.  2191). 

*  Omrad.v,  Ibidem  252.  p.  146.  »>  MrblK'n  Amialen.  252.  p.  li>«.   ' 
•  1  J  mini.  (hem.  Hoc,  6«,  f-  21IB. 
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Tbe  iiitrosochlorides  lire  perfectly  alike  iu  chemical  behnvior,  both  are 
changed  to  earvoxime  melting  ut  7'2°  by  the  abstraction  of  hydrochloric 
acid  with  alcoholic  alkali,  and  yield  when  treated  with  bases  the  Hame 
(two)  nitrolamines  >  (Walluch,  1892). 

Limonene  is  converted  by  dilute  permanganate  solution  into  the 
saturated  tetratomic  alcohol  liiuonetrite  (m.  p.  101,3— 192°) *  (Wagner. 
1H0O). 

A  characteristic  derivative  of  limonene,  which  is  often  used  for 
identification,  the  tetra bromide,  is  prepared  according  to  Wallach's 
directions11  (1HH7J: 

Tile  fraction  in  purified  an  much  an  possible  and  dilated  with  about  four 
times  its  volume  of  glacial  acetic  acid.  Bromine  is  added  drop  by  drop  to  tlie 
well  cooled  Holiition  ax  long  as  this  is  taken  up  with  decoloration.  The  crystals 
separating  after  standing  for  some  time  are  collected  and  recrystalliwd  from 
arctic  ether.    The  melting  point  of  the  pure  t^trabromide  in  W+..V. 

In  the  preparation  of  the  tetrabromide  it  in  to  be  observed  that 
the  use  of  absolutely  anhydrous  reagents  is  not  necessary.  In  fact  these 
give  rise  to  the  formation  of  an  uncrystallizable  tetra  bromide.  Never- 
theless the  crystallized  product  is  to  be  considered  as  the  normal 
bromide.*  Wallach  does  not  approve  of  using  alcohol  and  ether  as 
diluents,  for  they  induce  the  formation  of  liquid  by-products.  The  same 
difficulty  is  met  with  when  the  terpene  fractions  are  impure. 

Small  changes  in  the  method  of  preparation  have  been  recommended 
by  other  investigators.  Baeyer  and  Villiger8  (1894)  dilute  the  fraction 
to  be  investigated  with  an  equal  volume  of  amy]  alcohol,  and  after  the 
addition  of  twice  tbe  volume  of  ether  cool  and  add  the  bromine  drop 
by  drop.     As  the  ether  evaporates  the  tetrabro nude  separates  out. 

Power  &  Kleber*  (1894)  allow  the  fraction  to  be  tested  for  limonene 
to  drop  into  a  cooled  mixture  of  glacial  acetic  acid  and  bromine  until 
only  a  slight  excess  of  bromine  is  present,  then  decolorize  with  an 
aqueous  solution  of  sulphurous  acid  and  precipitate  with  water ;  in  this 
manner  they  want  to  avoid  the  formation  of  hydrohromic  acid  always 
noticed  in  the  usual  broraination  method,  and  to  prevent  the  formation 
of  n on-crystal lizable  bromides  of  isomeric  terpenes. 

Finally,  a  combination  of  both  methods  has  been  recommended  by 
Uodlewsky1"  (1898).  who  direct*,  to  allow  the  solution  of  the  terpene 

'1  LleblK's  Ann&len.  27".  p.  IT2.  «)  Berlchte.  87.  |>.  448. 

')  Boricht*.  28,  p.  281B.  »l  Pharm.  Rundschau,  12,  p.  180;   Arch.lv 

•)  Metis's  Anualen,  3811,  )>.  8.  d.  Pharm.,  282. .p.  646. 

*)  UeMg'e  Anualen.  264,  p.  14.  I)  (hem.  Zeltuiur,  22,  p.  827. 
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in  a  mixture  of  equal  parts  by  weight  of  amy  I  alcohol  and  ether  to 
drop  into  an  ethereal  solution  of  bromine,  whirl)  in  to  be  cooled  with 
ice  water  during  the  reaction. 

Dipentene. 

Dipentene,  the  optically  inactive  modification  of  limonene  hat*  often 

l»een     found     occ tiring     naturally,     for     instance     in     pine    needle    oil, 

citi'onella  and  palmnrosa  oils,  in  the  oils  of  cubeb,  pepper,  cardamom. 

camphor,  nutmeg,   kuromoji,    massoybark,    bergamot.    limette    leaf,    in 

^fennel,  golden  rod,  myrtle  and  kesso  root,  also  in  the  oils  from  Stitvrejn 
thymbrn  and  Thymus  rupitutas,  as  well  as  in  olibunum  and  elemi  oils. 
In  addition  to  its  formation  from  equal  pnrte  of  d-  and  l-limonene  it  is 
obtained  by  the  polymerization  of  the  unsaturated  aliphatic  hydrocarbon 
isoprene  CbHb;  with  terpinene  by  the  abstraction  of  water  from 
the  aliphatic  tertiary  alcohol  linalool  OioHisO.  It  is  also  formed  by 
isomerization  of  other  hydrocarbons  (.'ioHin.  for  instance,  from  pinene. 
limonene,  phellandrene ;  and  results  from  oxygenated  compounds  by 
different  transformations,  for  instance  from  cineol.  terpineol  and  terpin 
hydrate. 

A  relatively  pure  dipentene  is  obtained  by  the  dry  distillation  of 
caoutchouc.  After  separating  the  first  fraction  containing  the  isoprene, 
the  fraction  boiling  at  172 — 17H°  is  carefully  subjected  to  repeated 
fractional  distillation  from  sodium.  A  less  pure  preparation  is  obtained 
from  dipentene  di hydrochloride  by  splitting  off  hydrochloric  acid  with 
aniline  or  sodium  acetate  and  glacial  acetic  acid1  (Wallach,  1.8H7)  or 
from  crystallized  terpineol  by  the  abstraction  of  water  with  potassium 
bisuiphate*  (Wallach,  1803). 

Dipentene  is  distinguished  from  limonene  in  its  physical  properties 
only  by  its  optical  activity;  tailing  point,8  specific  gravity,  and  index 
of  refraction  are  identical  with  the  data  determined  for  limonene.    For 

.dipentene  from  caoutchouc  the  following  data  have  l>een  found  in  the 
laboratory  of  Schimmel  &  Co. : 

B.  p.  17">— 178°;  diw°  =  <).H44;  nDa»°  =  1.47194. 
Dipentene  is  relatively  stable,  for  upon  heating  it  is  not  converted 
into  an  isomeric-  hydrocarbon  C-ioHie.  but  yields  polymers.     Alcoholic 
sulphuric  acid,  however,  on  heating  changes  it  to  terpinene.    Its  deriva- 

i]  I.leblK'n  Annalen.  3Bi).  p,  8;  340,  |i 
196.  romp,  also  Tllden  and  Williamson, 
.lourn.  Cbein.  Sue,  68,  p.  294. 
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tives  are  inactive  and  may  t>e  obtained  from  dipentene  itself,  as  well  an 
by  combining;  equivalent  amounts  of  the  corresponding  optically  active 
compounds  of  limonene.  They  show  a  Few  small  differences  from  those 
of  the  active  limonenes.  namely  in  respect  to  their  melting  points,  on 
account  of  which  it  appears  justifiable  to  treat  dipentene  as  a  separate 
hydrocarbon.  Dipentene  behaves  like  the  active  limonenes  toward 
hydrohalogen.  bromine  and  nitrosylchloride ;  the  solid  addition  products 
formed  with  two  molecules  of  hydrohalogen  exist  in  two  different  forms, 
cis-  and  trans-modifications,  of  which  the  lower  melting  and  more  readily 
soluble  is  designated  as  the  cis-form  (Baeyer,1  18f):i).  The  higher 
melting  trans-form  is  the  more  stable.  It  always  forms,  when  the 
reaction  takes  place  with  heat.  In  the  cold  both  forms  usually  result 
together.  As  the  trans-form  is  usually  obtained,  the  following  data 
refer  only  to  this  modification.  The  dipentene  dihydrohalides  are 
obtained  from  limonene  as  well  as  from  dipentene,  when  the  cooled 
solutions  of  the  hydrocarbons  in  ether,  glacial  acetic  acid,  etc.,  are 
saturated  with  the  respective  hydrohalogen.  Upon  evaporation  of  the 
solvent  or  upon  dilution  with  water  the  compounds  separate  as  oils 
which  soon  crystallise.  The  dihydroehloride  inelts  at  50°  and  can  be 
obtained  in  a  crystalline  form  from  its  alcoholic  solution  by  the  careful 
addition  of  water;  the  dihydrobromide  forms  rhombic  tablets  of  satin- 
like  lustre  and  has  the  melting  point  64° :  the  dihydroiodide  crystallizes 
in  different  forms  and  melts  at  77 — 81°.  From  all  of  these  compounds 
dipentene  may  be  regenerated  hy  splitting  off  hydrohalogen. 

The  nitrosylchloride  compound  is  known  in  two  modifications 
(■ta.nd/3)  both  of  which  yield  inactive  carvoxime  by  splitting  off  hydro- 
chloric acid  with  alcoholic  potash.  When  acted  upon  by  bases  there 
are  formed  from  each  of  the  mtrosoehlorides  two  nitrolamines. 

For  the  detection  of  dipentene  the  compound  usually  used  is  the 
tetrabromide,  the  formation  of  which  results  in  the  same  manner  as 
was  described  for  limonene  tetrabromide ;  it  also  forms  when  concentrated 
solutions  of  equal  parts  by  weight  of  d-  and  1-limonene  tetrabromide 
are  mixed.  The  crystals  are  distinguished  by  their  habit,  difficult 
solubility,  and  higher  melting  point.  124 — 12">°.  from  those  of  the 
limonene  compounds*  (Wallach,  1888). 

For  identification  the  nitrosochloride,  which  can  be  changed  to 
inactive  carvoxime  hy  heating  with  alcoholic  potash,  is  also  suitable. 

i)  BerlchM.  26.  p.  38111.  »)   I.leblg'H  Annaleii.  246.  p.  220. 
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Sylvestrene  is  one  of  the  rarely  oieuring  terpenes.  Up  to  the  present 
time  it  has  been  found  in  German  mid  Swedish  pine  needle  oil  from 
i'inus  fiilventris,  in  the  oil  from  the  leaves  of  Finns  monttum.  in  pine 
tar  oil  and  Finnish  turpentine  oil.  In  all  of  these  it  occurs  in  the 
dextrogyrate  modification. 

It  may  he  obtained  in  a  comparatively  pure  state  by  preparing  the 
tli hydrochloride  from  fraction*  rich  in  sylvestrene  and  decomposing  this 
by  boiling  with  aniline1  (Wallach,  1885),  or  sodium  acetate  and 
glacial  acetic  acid8  (Wallach,  1887).  The  hydrocarbon  thus  obtained 
resembles  limonene  almost  completely  in  its  physical  and  chemical 
properties.  Like  this  it  possesses  a  pleasant  odor,  reminding  of  lemon 
and  bergainot  oil,  and  its  specific  gravity  and  toiling  point  are  almost 
identical  with  those  of  limonene. 

Atterherg,  the  discoverer  of  sylvestrene,  ascertained   the  following 
physical  constants : 
B.  p.    173-175°:    dla=  =  0.8612;     [«]Dia°  =  +  li>.3°.8 

Wallach  reports  the  following  constants: 
B.  p.  176-177°:    dm- =  0.831 ;    n„  =  1.477WM 

B.  p.  173— 176°;    <W  =  0.84H;    n„  =  1.4757-1 :     [*]„  =  +  66.82°    (in 
chloroform).8 

When  heated  to  250°  sylvestrene  is  polymerized,  but  is  not  changed 
by  this  physical  agent  nor  by  the  action  of  alcoholic  sulphuric  acid 
into  isomeric  terpenes.  This  hydrocarbon  is,  therefore,  one  of  the  most 
stable  of  the  terpene  group.  Like  limonene,  sylvestrene  has  two  double 
bonds  which  may  be  wholly  or  partially  broken  by  the  addition  of 
hydro  halogen,  bromine  or  nitrosyl  chloride.  A  peculiar  behavior  is 
shown  by  the  dihydrochloride.  which  in  opposition  to  the  inactive 
dipentene  dihydrochloride  is  optically  active  and  by  splitting  off  hydro- 
chloric acid  yields  active  sylvestrene.  The  tetrabromide,  prepared  in 
the  same  manner  as  that  of  limonene,  meltw  at  1515 — 1.10°,  but  is 
obtained  with  difficulty  in  the  solid  form  when,  as  is  usually  the  case 
in  terpene  fractions,  other  hydrocarbons  are  present.  Pure  sylvestrene 
yields,  when  treated  with  ainyl  nitrite  and  hydrochloric  acid,  a  nitroso- 
chloride  melting  at  1(16—107°.  With  lienzylatnine  this  forms  a 
nitrolamine  base  of  the  melting  point  71—72°. 

>)  Meblft'H  Annul™,  210.  ]i.  243.  «)  llericbte.  10.  J).  120B. 

')  [.lehlg'fl  Annul™.  28il,  p.  2i>;  24.'.  •)  Meblff'fi  Annnlen,  24C,  p.  19T. 

p.  107.  *>  l.lcblK'x  A  limit™,  262.  p.  149. 


byGoogle 


The  More  Commonly  Occurring  Constituent/*  of  Vnhitih  Oils.  Hit 

For  the  separation  of  sylvestrene  from  mixtures,  as  well  as  for 
identification,  the  di hydrochloride  is  best  suited  and  is  prepared  as 
follows :  ,. 

The  fraction  diluted  with  an  equal  volume  of  ether  h  strongly  cooled  and 
Maturated  with  hydrochloric  acid  gas.  After  standing  for  about  two  days  the 
ether  is  distilled  off  and  the  residue  induced  to  crystalliie  by  strongly  cooling 
The  crystalline  mass  is  fretd  from  oily  by-products  on  a  porous  plate,  and  tin* 
hydrochloride,  Hrst  recrystallized  from  an  equal  weight  of  alcohol,  is  puritted 
by  fractional  crystallization  From  ether:  the  melting  point  of  the  pure  diliydro- 
chloride  is7i!0{W.,»  'H5).  It  mast  be  observed,  that  in  the  presence  oE  dipentene 
or  such  terpenes  as  are  changed  to  dipentcne  di  hydrochloride,  mixtures  of 
di  hydrochlorides  are  obtained,  the  melting  point  of  which  in  the  lower,  the 
greater  the  amount  of  dipentene  di  hydrochloride  present. 

If  sylvestrene  be  dissolved'  in  acetic  anhydride  and  a  few  drops  of 
concentrated  sulphuric  acid  added  to  the  solution,  a  beautiful  blue 
coloration  is  produced.  This  reaction  may  be  used  for  the  easy  detection 
of  sylvestrene,  but  it  is  only  successful  when  the  fractions  to  lie  tested 
are  rich  in  this  hydrocarbon. 

,  Terpinene. 

This  hydrocarbon  is  very  similar  to  dipentene,  yet  sharply  differ- 
entiated from  it.  According  to  Weber2  (1887)  it  is  contained  in 
cardamom  oil  and  recently  it  has  also  been  found  in  marjoram  oil  by 
Biltz.a  It  may,  however,  appear  doubtful,  whether  this  terpene  is  really 
found  in  nature,  or  whether  it  is  formed  by  the  influence  of  the  heat 
during  the  distillation  from  other  compounds  contained  in  the  respective 
oils. 

Artificially,  this  hydrocarbon,  which  distinguishes  itself  by  its  stability 
toward  dilute  mineral  acids,  is  obtained  by  the  action  of  boiling  alcoholic 
sulphuric  acid  on  terpenes,  such  as  dipentene  and  phellandrene,  or  on 
oxygenated  compounds,  such  as  terpin  hydrate,  terpineol,  dihydro- 
carveol  and  cineol.  Besides  dipentene  it  is  also  formed  by  the  action 
of  formic  acid  on  liualool  and  geraniol.  It  is  further  formed,  tiesides 
isomeric  hydrocarbons  CioHio  and  cymene,  by  the  inversion  of  piuene 
with  alcoholic  sulphuric  acid  or  when  turpentine  oil  is  shaken  with 
small  amounts  of  concentrated  sulphuric  acid,  avoiding  too  violent  a 
reaction*  (Wallach,  1887).  The  last  named  method  is  used  when  it  is 
desired  to  obtain  fractions  containing  terpinene.     As  terpinene  has  up 

■  )  I.lehlK's  Annftlen,  230,  p.  241  ;  280.  p.  2H, 

>)  Uetiin'j-  Annul™,  288,  p.  107. 

»)  (Teller  ilim  atherlnche  Uel  aunOrtgaonin  majiir&iia.  InauK. -tMiwrt.  (irnlTnwnlil,  1  Sits, 

»)  IJeblx'ti  Annalpn.  289,  p.  85. 
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to  the  present  not  been  regenerated  from  a  solid  derivative,  the 
statement  of  the  physical  properties  of  this  hydrocarbon  refers  not  to 
the  pure  substance  but  only  to  terpinene-containing  fractions. 

For  a  terpinene  obtained  from  terpin  hydrate  and  dilute  Bulphuric 
iicid  Wallach  reports: 

B.  p.  179—182°;  d=0.8u.V 
mid  for  a  purer  preparation  from  dihydrocarveol  and  sulphuric  acid : 
B.  p.  178—180°;  d  =  0.847;  an  =  1.48458." 

Terpiueue  ban  an  odor  reminding  of  cymene  and  resinifies  quite 
rapidly  on  standing;  it  lias  not  yet  been  possible  to  convert  it  into 
isomers.  It  is  therefore  very  similar  to  dipentene,  but  the  two  hydro- 
carbons differ  in  their  behavior  toward  bromine  and  the  hydrohalogens. 
with  which  terpinene  yields  liquid  addition  products  only.  A  nitroso- 
eliloride  of  this  terpen?  is  not  known,  but  nitrolamines  can  be  prepared 
from  the  nitrosite  mentioned  later. 

By  chromic  acid  mixture  (prepared  according  to  Beckmanii)  terpi- 
nene is  readily  attacked  and  completely  destroyed  (Baeyer,8  1Hft4),  even 
in  the  cold.  This  behavior  may  be  made  use  of  when  terpinene  is  to  be 
removed  from  mixtures  of  pinene,  camphene,  limonene,  terpineols.  cineol 
or  pinol.  as  these  compounds  are  fairly  stable  toward  the  oxidizing 
agent  in  the  cold. 

The  derivative  of  terpinene  which  may  serve  for  the  detection  of  this 
hydrocarbon  is  that  formed  by  the  addition  of  nitrous  acid,  terpinene 
nitrosite  CioHieNaOg.  It  is  obtained  by  the  action  of  nascent  nitrous 
acid  on  the  terpene  diluted  with  a  solvent.  In  order  to  determine 
rapidly  whether  this  hydrocarbon  is  present  in  a  fraction  of  the 
boiling  point  of  terpinene.  Wallach  (1887)  directs*  to  proceed  as 
follows: 

A  mixture  of  2—3  g.  of  the  fraction  with  an  equal  volume  of  petroleum 
ether  in  poured  on  top  of  an  aqueous  solution  of  2 — 3  jr.  of  sodium  nitrite 
and  thu  amount  of  acid  necessary  to  decompose  tlie  latter  is  added  in  small 
portions;  when  all  acid  has  been  added  the  vessel  is  immersed  for  a  moment 
in  a  hot  waterbath  and  then  allowed  to  stand  in  the  cold.  When  terpinene  is 
present,  the  insoluble  nitrosite  will  separate  in  a  Few  hours,  or  at  latent  in  the 
course  of  two  days.  This  is  freed  from  accompanying  oily  products  by  spreading 
oil  porous  plates,  dissolved  in  glacial  acetic  acid,  again  precipitated  by  water 
and  finally  recry  stal  Used  from  hot  alcohol.  The  purified  compound  melts  at  155°. 
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The  niTrosite  reacts  with  bases,  such  as  piperidine  and  benzylamine 
to  form  nitrola mines.  The  nitrolpiperidine  base  melts  at  1  ~t%— 1  ."(4°,  the 
nitrolbenzylamiiie  base  at  18701  (Wallaeh). 

Phellandrene. 

Phellandrene  occurs  in  nature  in  both  optically  active  modifications. 
Ah  d-phellandrene  it  has  been  found  in  bitter-  and  water-fennel  oils,  as 
well  as  in  Macedonian  fennel  oil,  in  elemi  and  sehinus  oils  and  in  the 
distillate  of  the  wood  of  Uoesnlpinia,  sap/tan.  As  1-phellandrene  in 
Australian  eucalyptus  oil  from  Eucalyptus  HinagdHlinu,  in  pine  needle  oil. 
tiie  oil  from  the  needles  of  Phtus  montaim,  in  star-anise  and  sehinus  oils. 
Besides  these,  it  is  contained  in  a  large  number  of  volatile  oils,  although 
in  small  quantities,  for  instance  in  the  oils  of  ginger,  curcuma,  pepper, 
camphor,  sassafras  leaves,  Ceylon  cinnamon,  angelica  root  and  seed, 
in  the  oils  of  German  and  English  dill,  in  that  of  dog  fennel,  wormwood, 
golden  rod,  lemon,  bay  and  peppermint,  as  well  as  in  the  oils  of  Eacn- 
lyptutt  riedonia  and  Androftogoii  laniger. 

It  is  one  of  the  most  unstable  terpenes.  and  for  this  reason  phel- 
landrene containing  oils  must  never  be  redistilled  under  atmospheric 
pressure,  but  are  liest  fractionated  in  a  vacuum  when  it  is  desired  to 
detect  and  isolate  this  hydrocarbon.  The  preparation  of  pure  phel- 
landrene has  not  yet  been  accomplished;  the  only  compound  apparently 
suited  for  this  purpose,  the  crystallized  nitrosite,  decomposes  indeed,  by 
treatment  with  alkali"  (Wallaeh,  180.5),  but  no  hydrocarbon  CioHie  is 
formed  by  the  reaction.  Fractions  as  rich  as  possible  in  phellandrene, 
viz.  the  portion  boiling  between  170 — 172°  are  therefore  taken  as 
representing  fairly  pure  hydrocarbon. 

Peaei  (1886),  who  found  this  hydrocarbon  in  water  fennel  oil  and 
named  it  after  il«  source,  reports  the  following  properties: 

B.  p.  171— 172°  <7(H>  mm.);    din  =  O.HSGH ;    [n]Dio=  =  +  17004':» 
n„  =  1.484.* 

For  ti  preparation  from  Australian  eucalyptus  oil  Wallaeh  (18fl"i) 

B.  p.  (J.">°  at  12  mm.;  di»=  =  (1.8405;  nDiii°  =  1 .488. 
The  optical  rotation  for  d-phellandrene  has  been  found  considerably 
higher  than  that  given  by  Pesci ;  for  a  preparation  from  echinus  oil  a„ 
was  found  to  be  +  ((0°  21' •  (Gildemeister  and  Stephan,  1807). 

i)  Ltabtjc't  Annalen,  Ml,  p. 816. 
»)  liebU*  Annaten.  28T,  p.  874. 
>)  Oan    chlm.  ltal.  IS,  p.  223. 
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Phellandrene  is  very  readily  changed;  even  by  heating  to  its  boiling 
temperature  it  polymerizes.  Ktill  more  readily  in  it  changed  into  inactive 
iwomere  by  the  action  of  acids,  thus  hy  hydrohalogen  into  dipentene, 
by  alcoholic  sulphuric  acid  into  terpinene.  Well  characterised  addition 
products  with  halogens .  or  hydrohalogens  cannot  be  prepared,  the 
only  known  solid  derivative  is  phellandrene  nitrosite.  which  is  formed 
by  the  addition  of  nitrous  acid  and  which  is  therefore  used  for 
identification. 

A  mixture  of  5  to.  of  oil  mid  II)  cc.  of  petroleum  ether  is  pomt'd  on  a 
solution  of  5  g.  oF  sodium  nitrite  in  H  g.'.ol  water  and  the  amount  of  glacial 
acetic  acid  (5  cc.)  necessary  to  liberate  the  nitrous  acid  is  added  gradually 
with  frequent  shaking;  the  voluminous  crystal  line  mass  produced  is  Hltered  off 
with  the  aid  of  an  air  pumn,  washed  first  with  water  and  then  with  methyl 
alcohol,  and  purified  by  repeatedly  dissolving-  in  chloroform  and  precipitating 
with  methyl  alcohol1  (Wallachand  Gildemeister,  1NHH|.  The  brilliant  white 
crystals  thus  obtained  allow  of  being  recrystallizod  from  acetic  ether  without 
decomposition  and  melt  at  lOn"*  (Wallach,  18951.  The  crude  compound 
changes  easily  and  is  freed  from  the  oily  by-products  only  with  difficulty;  by 
dissolving  in  a  little  acetic  ether  and  precipitating  with  fib  percent  alcohol  the 
nitrite  can  be  obtained  at  once  in  the  form  of  white  crystals*  (liertrani  and 
Walbanm,  1898). 

Both  pheHandrenes  give  nitrosites  which  are  identical  as  to  external 
appearance  and  in  their  melting  point,  but  which  differ  in  this  respect, 
that  the  compound  obtained  from  d-pheUandrene  is  strongly  laevo- 
gyrate.  that  from  1-phellandrene  on  the  other,  hand,  strongly  dextro- 
gyrate. By  mixing  equal  parts  by  weight  of  d-  and  1- phellandrene 
nitrosite  in  solution  the  inactive  compound  is  formed,  which  in  its 
properties  is  identical  with  the  optically  active  modifications.  Phellan- 
drene nitrosite.  in  opposition  to  terpinene  nitrosite.  cannot  be  changed 
to  nitrolamines  with  bases.  If  the  liquid  reaction  product  formed  by 
treatment  with  sodium  ethylate  is  reduced  there  result,  as  well  as  by 
the  direct  rednctiou  of  the  nitrosite,  derivatives  of  the  hydrocarvone 
series*  (Wallach.   IH!)r>). 


The  presence  of  hydrocarbons  of  the  formulas  CmHis  and  CioHao  in 
volatile  oils  has  not  yet  l>een  definitely  established.  The  statement 
made  by  Andres  and  Andreef*  (1H92)  that  a  hydrocarbon  CinHm, 
presumably  the  menthene  derivable  from  menthol,  oocui-s  in  Russian 
|>epperniint  oil  has  not  been  verified. 
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Whereas  meiitheue  is  a  cyclic  hydrocarbon  with  one  double  bond, 
Wnssileef1  has  recently  prepared  a  'chain  hydrocarbon  ChjHin.  nn 
oleflnic  dihydroterpane  as  it  were  from  aotive  atnyl  alcohol. 

In  addition  to  the  terpeues  CuiHm  maiiy  volatile  oils  contain 
sesquiterpenes.  ('15H24.  Like  the  terpeues  these  hydrocarbons  may  be 
regarded  as  polymerization  products  of  hemiterpene,  CsHg.  With  few 
exceptions  they  have  not  yet  been  carefully  examined.  It  seems 
probable,  therefore,  that  some  of  them  will  prove  identical.  Miwt 
sesquiterpenes  boil  between  250  and  2N0°.  have  a  specific  gravity  of 
over  0.90,  as  separated  by  fractionation  are  frequently  slightly  colored, 
are  less  mobile  liquids  than  the  terpeues,  resinify  as  readily  ns  do  the 
terpenes  and  are  difficultly  soluble  in  alcohol.  As  unsaturated  hydro- 
carbons they  add  halogens,  hydro  halogens,  uitrosylchloride  and  the 
oxides  of  nitrogen.  They  frequently  occur  in  oils  accompanied  by 
ulcohol-like  compounds  CisHaaO  (possibly  also  CisHajO)  which  stand 
in  the  same  relation  to  the  sesquiterpenes  as  do  the  terpineols  to  the 
terpeues.  However,  by  treating  the  sesquiterpenes  with  the  glacial  acetic 
acid-sulphuric  acid  mixture,  only  one  of  them  Has  so  far  been  hydrated. 
Whether  these  sesquiterpene  alcohols  yield  upon  dehydration  the  same 
hydrocarbons  ('isHim  with  which  they  are  found  in  the  oils  has  not  yet 
been  determined. 

Attention  should  also  be  called  to  the  apparent  existence  of  sesqui- 
terpenes corresponding  to  the  oleflnic  terpeues.  Semmler,"  in  l^Hit 
obtained  from  usarum  oil  a,  hydrocarbon  CigHm  boiling  at  about  255°, 
the  specific  gravity  of  which  (O.H73)  is  much  lower  than  that  of  niOHt 
sesquiterpenes.  Thuja  oils  likewise  contain  fractions  of  the  boiling  point 
of  the  sesquiterpenes  that  are  characterized  by  a  very  low  specific 
gravity  (O.K.">). 

Capinene. 

The  best  known  representative  of  the  sesquiterpenes  is  the  widely 
distributed  cadinene.  It  luia  so  far  been  found  in  cade  oil  {Oleum 
rmiinum)  from  which  source  it  has  derived  its  name,  further  in  the  pine 
needle  oils  and  of  Pinaa  moutuim,  the  German  and  Swedish  oils  of  J'inus 
MilveetriB,  the  oils  of  elderberry,  savin,  cedarwood,  cubeb,  betel,  camphor, 
paracoto  bark,  asafetida.  galbanum,  olibanum,  wormwood,  golden  rod, 
patchouli,  peppermint,  ylang-ylang  and  angosturo  bark.  As  far  as 
examined,  cadinene  has  been  found  only  in  the  laevogyrate  modification. 
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Uadinene  can  t>e  prepared  in  a  comparatively  pure  state,  as  it  yields 
it  solid  well  crystallized  di  hydrochloride,  from  which  the  hydrocarbon 
may  be  regenerated  by  splitting  off  hydrochloric  acid  by  heating  with 
aniline  or  sodium  acetate  and  glacial  acetic  acid1  (Wallach,  1KH7). 

For  the  hydrocarbon  purified  in  this  manner  Wallach  found  the 
following  constants : 

B.  p.  272°  (uncorr.);a  274— 27ri";  dso°  =  (1.018;  n„  =  1.50017  : 
[«],=-«tW.« 

Upon  continued  heating  with  dilute  sulphuric  arid  cadiuene  in 
changed,  while  when  treated  with  hydrohalogens  no  appreciable  influence 
in  noticed,  as  the  optical  activity  remains  unchanged.  Especially 
characteristic  are  the  crystallized  addition  products  formed  with  two 
molecules  of  hydrohalogen,  of  which  the  di hydrochloride  and  the 
dihydrobromide  are  used  for  identification. 

For  the  preparation  of  the  dih.vdrochloride  the  fraction  boiling  between 
260— 2K0°  is  dilated  with  twice  the  volume  of  ether  and  saturated  with  hydro- 
chloric acid  gas  in  the  cold.  After  standing  for  some  time  the  ether  in  partially 
removed  by  distillation.  With  the  complete  evaporation  of  th«  solvent,  crystals 
of  the  di  hydrochloride  separate  from  the  residue.  These  are  freed  from  oily 
hy-prodncta  b.v  spreading  'on  porous  plates.  They  are  then  washed  witli 
alcohol,  and  recrysralliied  from  acetic  ether  in  which  they  are  readily  soluble 
while  warm.  The  melting  point  of  the  pure  compound  is  117 — ll«°.  It  is 
optically  active. 

The  dihydroehloride  may  alwi  l>e  prepared  by  ■  using  glacial  acetic 
acid  saturated  with  hydrochorie  acid  in  the  cold.  This  method  of 
preparation— treating  a  glacial  acetic  acid  solution  of  the  sesquiterpene 
with  a  glacial  iicetic  acid  solution  of  the  respective  hydrohalogen— is 
suitable  for  the  preparation  of  the  dihydrobromide  (m.  p.  124— 12.~>°I 
and  the  dihydroiodide  (m.  p.  W~>— l<Mf°). 

The  nitrosoehloride  and  nitrosate  have  been  prepared  within  the  last 
year  by  Schreiner  and  Kremers.*  Of  the  latter  the  unusually  large 
yield  of  over  forty  per  cent  was  obtained.  The  nitrosoehloride  melts 
at  Oil— 94°.  the  nitrosate  at  10-">— 11(1".  both  with  dei-omposition. 

Cadiuene  is  characterized  b.v  a  color  reaction,  which  under  some  cir- 
cumstances may  serve  to  show  its  presence  in  oils.  The  reaction  is 
prettiest  when  the  h.ydrocarhon,  slightly  changed  by  standing  for  some 
time,  is  dissolved  in  glacial  acetic  acid  and  the  solution  treated  with 
a  little  concentrated  sulphuric  acid.  The  greenish  coloration  first  pro- 
duced soon  changes  through  blue  to  red. 
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Caryophyllene. 

The  second  well  characterized  sesquiterpene  is  caryophyllene.  So 
far  it  has  been  found  in  the  oils  of  cloves  and  clove  stems,  the  oil  of 
copaiba  balsam  and  that  of  Canella  alba,.  It.  has  not  yet  been  prepared 
absolutely  pure.  The  physical  constants  recorded  pertain  to  distillates 
from  clove  oil  and  the  oil  of  clove  stems.  Caryophyllene  prepared  from 
rlove  oil  merely  by  fractionation  contains  some  benzoyl  eugenol1  which 
ran  be  removed  by  saponification.  In  the  sesquiterpene  from  the  oil  of 
dove  stems  this  impurity  is  not  found.  The  physical  constants  have 
lieeu  ascertained  by  several  observers,  viz. : 

Wallach*  (1892):    b.  p.  258— 200°;  dis°  =  0.9085 ;  nu  =  1.30094. 
Erdmann*  (1897):    b.  p.  119— 120°  at  »  mm.;    128— 124°  at  18  mm.: 

258—25!)°  at  752  mm.;  d»°  =  0.9088. 
Kremers*  (1898):    dao°  =  0.9082,  nD20=  1.50019;   [«]d»°  =— 8.74°. 
ft-hreiner  and  Kramers'*  (1899):    b.  p.  180—137°  at  20  mm.;   [«]D2o°  = 
—  8.96:  nDao°  =  1.49970;  dn>— O.903M. 

The  laevogyrate  hydrocarbon  yields  optically  active  as  well  us 
inactive  derivatives,  the  nitrosite  e.  g.  lieing  strongly  dextrogyrate. 
With  hydrogen  chloride  it  yields  a  crystalline  d [hydrochloride*1  (m.  p. 
09—70°).  It  forms  a  crystalline  nitrosochloride,  apparently  two  nitro- 
sites  (one  blue,  the  other  white),  and  a  uitrosate.  From  several  of  these 
the  benzylamine  and  piperidine  bases  have  been  prepared.  From  both 
the  dihydrochloride  and  the  nitrosochloride  a  hydrocarbon  can  evidently 
lie  regenerated  (Schreiner  &,  Kremers,7  1899). 

Caryophyllene  hydrate  which  so  far  has  been  principally  used  for  the 
identification  of  this  sesquiterpene  is  prepared  as  follows : 

To  a  solution  of  1000  g.  glacial  acetic  acid,  20  g.  cone,  sulphuric  acid  and 
40  g.  of  water,  25  g.  of  caryophyllene  or  so  much  hydrocarbon  as  the  mixture 
will  retain  in  solution  are  added  and  the  mixture  heated  for  some  time  on  a 
waterbat.il.  When  the  reaction  is  completed  the  mixture  is  subjected  to  steam 
distillation.  At  first  acetic  acid  and  a  mobile  oil  pass  over,  later  a  lees  volatile 
i(i!  which  congeals  upon  cooling.  This  is  freed  from  oil  by  suction  and  further 
purified  by  crystallization  Irom  alcohol.  Caryophyllene  alcohol  or  hydrate  melts 
at  84 — 96°.  Its  identification  can  be  verified  by  the  phenyl  uretbane  derivative 
which  melts  at  186-137°. 

For  the  purpose  of  identification  the  nitrosite  and  the  benzylamine 
base  obtained  from  it  are  especially  adapted : 

■>  Journ.  I.  prakt.  Cham.  II.  B6,  p.  146.  '■)  Ibidem,  a.  p.  282. 

I)  Lieblg'B  Annaltn,  371,  p.  BBS.  «)  Fharm.  Archive*,  2,  p.  BU6. 

»)  Jo  urn.  1.  prakt.  Chum.  II,  58,  p.  146.  *l  Pharm.  An-h..  2.  pp.  21>3,  296. 
«)  1'narm.  Arch.,  1,  p.  211. 
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To  a  solution  o(  5  cc.  of  caryophyllene  in  5  ix.  of  |K.'troleum  ether  :"■  cc.  of 
glacial  acetic  acid  and  then  5  cc.  of  a  saturated  solution  of  sodium  nitrite  are 
added.  The  mixture  while  stilt  warm  from  the  reaction  is  rotated  and  then 
cooled  in  ice  water  with  violent  shaking.  Crystal  1  ization  usually  takes  place  or 
may  be  induced  with  a  fragment  of  nitrosite.  The  blue  crystals  are  washed 
with  water  and  then  with  alcohol.  When  recrystallized  from  hot  alcohol, 
avoiding  direct  sunlight,  the  crystals  melt  at  113°.  The  benxvlamine  base 
from  the  nitrosite  melts  at  167°. 

Noteworthy  is  the  fort  that  upon  dehydration  of  caryophyllene 
alrohol,  caryophyllene  is  not  regenerated,  but  an  isomeric  hydrocarbon. 
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i)  Chapman,  Journ.  chem.  Sue..  1"  (18(15),  p.  ;"4  * 
»)  Chapman  ft  BiiTKew,  ('hem,  Xe«a,  T4  (18H0),  p.  ! 
»)  Kouwet,  Bull.  Hoc.  chlm.  III.  IT  (181171.  p.  1811. 
•J  Wiilttr,   UeblK'a  Annalen,   3i(   (1841).  p.   247:    4 
Sr-hloiinet  ft  Co.,  October  1HQ7,  p.  13,  loot  Bote. 
=  1  Schmidt.  Rerlchte.  1(1  (1877),  p.  1811. 
»)  Wallach  ft  Tuttle,  Lleltlg'*  Annslen,  27rt  (IBM). 
*>  HJelt.  BerlFhte.  28  (18BS1,  p.  80H7. 
'j  Wallat-h  *  Tnttle.  I.lBblK'H  Annalen.  3711  (lKU-4>, 
»i  Chapoleam,  Dull.  Xoc.  ehlm.  II.  R7  1188:!),  p.  B0: 
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clovene,  is  formed.  This  differs  materially  from,  caryophellene  and  haw 
not  yet  been  found  in  volatile  oils. 

Besides  those  two  sesquiterpenes  may  be  mentioned  the  fairly  well 
characterized  humuleue.  It  derives  its  name  from  hop  oil  from  which 
it  was  prepared  by  Chapman 1  who  first  prepared  its  nitrosochloride. 
its  nitrosite  (existing  in  a  blue  and  a  white  variety)  and  nitrosate. 
also  the  nitrol  benzylamine  (m.  p.  136°)  and  the  nitrol  piperidine 
(in.  p.  153°)  bases,  It  is  characterized  by  the  nitrosite.  the  blue 
variety  of  which  (m.  p.  120")  changes  upon  repeated  reerystalliisation 
from  alcohol  to  the  white  variety  (m.  p.  105— KjN°).  Humuleue  also 
occurs  in  oil  of  poplar  buds.  Pichter  and  Katz2  identified  it  by  means 
of  the  above  mentioned  derivatives. 

There  remain  to  Ih>  mentioned  i«drene  occuring  witli  cedrol  in 
cedar  oil,  as  well  as  other  hydrocarbons  I'mHaj  produced  by  splitting 
off  water  from  sesquiterpene  alcohols.  Their  properties  are,  so  far  as 
known,  given  in  the  table  on  the  preceding  page. 

Polyterpenes,  namely  di-  and  triterpenes,  occur  in  vegetable  balsams 
and  resins.  They  are  possibly  formed  by  polymerization  of  hydrocarbons 
CbHs  and  CioHie  and  may  therefore  be  found  in  the  higher  boiling 
fractions  of  volatile  oils.  The  diterpenes  are  viscid  liquids  boiling  above 
:i(KI°,  the  triterpenes  resinous  masses.  Hence  they  do  not  invite  examin- 
ation and  their  properties  hnve  been  even  less  investigated  than  those 
of  the  sesquiterpenes. 

Alcohols. 

Of  the  monatomic  alcohols  of  the  paraffin  series  only  those  with  leas 
t-han  eight  carbon  atoms  have  so  far  been  found  in  volatile  oils.  They 
occur  seldom  as  free  alcohols  and  are  mostly  combined  with  fatty  acids 
as  esters.  The  occurrence  of  fatty  alcohols  and  acids  is  mostly  due  to 
saponification  of  corresponding  esters.  Free  alcohols  may  occur  when 
the  plant  material  containing  carbohydrates  has  undergone  partial 
fermentation  before  being  distilled.  Thus  e.  g.  ethyl  alcohol  has  been 
found  in  the  distillate  of  roses  that  had  been  stored  for  a  short  time. 

Maze",8  however,  has  recently  shown  that  alcohol  is  formed  not 
only  in  the  process  of  germination  of  certain  Heeds,  hut  tilso  when  they 
nre  soaked  in  water.  The  formation  of  alcohol  in  these  cases  is 
attributed  to  a  diastatic  process  similar  to  that  induced  by  yeast. 
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Ah  esters  and  ethers  methyl  alcohol  is  widely  distributed:  as  methyl 
salicylate  in  numerous  plants,  as  methyl  ether  e.  g.  in  eugenol  which  is 
likewise  widely  distributed.  According  to  Goeppert  (1859),  ethyl  alcohol 
as  acetate  is  the  odoriferous  principle  of  Magnolia  fuscatn  Andrews.1 
This  statement  has  not  yet  been  verified.  It  has  been  found  as  ethyl 
ester  of  caproic,  caprylic,  capric,  lauric,  palmitic  and  oleic  acids  in  the 
volatile  oil  of  saw  palmetto  by  Sherman  and  Briggs.2  As  butyrate  ethyl 
alcohol  is  found  in  the  oil  of  H.  aphondffium.  Isobutyl  alcohol  (isopropyl 
carbinol)  occurs  as  ester  of  isobutyric  and  angelic  acids  in  Roman 
chamomile  oil:  amyl  alcohol  (of  fermentation)  as  caprinate  in  cognac 
oil  and  as  ester  of  angelic  and  tiglinic  acids  also  in  Roman  chamomile 
oil.  Normal  hexyl  alcohol  is  found  as  acetate  and  hutymte  in  the  oil 
of  Heracleum  gigantetim,  also  as  nutate  in  the  oil  of  H.  aphondylium. 
Optically  active  hexyl  alcohol  (methyl  ethyl  propyl  alcohol)  has  been 
found  combined  with  angelic  and  tiglinic  acids  in  Roman  chamomile  oil. 
Octyl  alcohol  is  found  as  acetate  in  the  oils  of  H.  sphoiuiylivin  and 
H.  gignnteum;  as  butyrate  it  is  the  principal  constituent  of  the  oil  of 
I'axtinarti  sativa.  Besides  hexyl  alcohol  it  is  also  reported  to  occur  in 
the  oil  of  male  fern. 

Of  greater  interest  than  the  saturated  fatty  alcohols  are  the  olefin i<- 
alcohol  citronellol.  I'mHauO  and  the  two  diolefinic  alcohols  CioHihO. 
I  inn  tool  and  geraniol. 

LlNALOOL. 

Linalool  ('■Licareol"  of  Barliier)  is  quite  widely  distributed.  It  is 
optically  active  and  occurs  in  both  modifications.  Ho  far  d-linulool  lias 
l>een  found  in  but  one  oil,  viz.  coriander  oil  and  is,  therefore,  sometimes 
designated  coriandrol;  l-Iinalool,  alone  or  mixed  with  a  little  d-linalool. 
partly  free,  partly  as  ester,  forms  a  constituent  of  the  oils  of  lignaloe. 
bergainot.  neroli,  petitgrain,  the  Italian  limette  oil,  Palermo  lemon  oil. 
of  the  oils  of  spike,  Invender,  muscatel  sage,  thyme,  of  Russian  spear- 
mint oil,  German  and  French  bnsilieum  oil,  Cretian  origanum  oil,  ylang- 
ylang  oil  and  of  sassafras  leaf  oil. 

To  regenerate  linalool  from  a  crystallized  derivative  has  so  far  been 
unsuccessful.  Fractional  distillation  of  the  oils,  which  have  previously 
lieeti  saponified,  is  used  for  its  isolation.  The  constants  given  for  linalool 
refer,  therefore,  nlways  to  the  products  obtained  in  this  manner.  If  the 
alcohol  obtained  is  to  1«  freed  from  indifferent  compounds,  for  instance 
terpinene,  it  may  l>e  converted  into  the  sodium  salt  of  the  acid  phthalic 

n   l.leblB>  Armitlfi],  111,  |>.  1U7.  »)  ['harm.  Archlven,  2,  |>.  110. 
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eater  according  to  Tiemann'  (1898).  This  ia  soluble  in  water  and  can 
be  saponified  by  alcoholic  potassa.  The  regenerated  linalool  must  be 
removed  from  the  alcoholic  alkaline  solution  with  ether,  since  it  suffers 
changes  when  it  is  distilled  from  the  alkaline  solution  by  steam  as  the 
decrease  in  the  rotatory  power  shows. 

According  to  the  material  employed  and  the  method  of  preparation, 
product*  are  obtained  which  show  slight  differences  in  their  properties; 
in  judging  the  purity  of  a  preparation  the  following  data  may  serve  as 
a  basis: 
for  1-linalool:  b.  p.  197— 199°;  85— 87°  at  10  mm.;  din<.  =  0.870— 0.875; 

nDao°  =  1.4030— 1.4690  (Stephan,*  1898). 
B.  p.  86—87°  at  14  mm. ;  dao°  =  0.8022 ;  nD  =  1.46108  (Tiemann,8  1 898 ) ; 
for  d-linalool:  b.  p.  85—86°  at  12  mm.;  di7.6°  =  0.8726;  no  =  1-46455 
(Gildemeieter.*  1895). 

The  rotatory  power  is  not  constant,  the  greatest  deviation  so  far 
observed  for  1-linalool  is  [«]d  =  —  20°7',8  for  d-linalool  (eoriandrol) 
[a]D  =  +15°l'  (Barbier,8  1898).  Tiemann  reports  for  d-linalool  [«]d  —  + 
13°  19'. 

Artiflcially,  linalool  is  obtained,  although  only  in  the  inactive  state, 
when  geraniol  is  heated  with  water  to  200°  in  an  autoclave,  or  when 
the  different  chlorides  produced  by  the  action  of  hydrochloric  acid  on 
geraniol,  are  treated  with  alcoholic  potassa  (Tiemann7,  1898).  A 
third  method  of  converting  geraniol  into  linalool  consists  in  passing 
steam  through  an  aqueous  solution  of  geranyl  phthalate  of  an  alkali 
which  is  either  neutral  or  rendered  slightly  alkaline  by  the  addition  of 
an  alkali  carbonate  (Stephan,8  1899). 

As  unsaturated  alcohol  with  two  double  bonds  linalool  also  shows  a 
capacity  for  addition.  It  combines  with  two  molecules  of  bromine,  as 
well  as  with  the  hydrohalogens.  With  the  latter  it  forms  compounds 
such  as  CioHisO.HCl,  CioHisCl*  which,  however,  being  liquid,  are  not 
suited  for  characterization. 

The  unsaturated  tertiary  nature  of  this  alcohol  shows  itself  in  its 
behavior  toward  reagents.  Whereas  alkalies  scarcely  act  on  it  in  the 
cold,6  organic  acids  change  it  either  into  geraniol  or,  especially  in  the 
presence  of  small  amounts  of  sulphuric  acid,   into  terpineol.     Mineral 

l)  Berlcht*.  SI.  p.  88T.  »)  Berlcht  von  8.  ft  Co.,  April  1898,  p.25. 

>)  Jopr.  I.  prakt.  Chem.,  11,  58,  p.  110.  *)  Berichte,  81,  p.  883. 

■  )  Uerlclite,  81,  p.  884.  «)  Journ.  I.  prakt.  Cuem.,  II,  SO,  p.  262. 

*)  Archlv  d.  Flmrni..  388,  p.  1T9.  *)  Bull.  Hoc.  Ctilm.,  31,  p.  549. 
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acids,  by  the  abstraction  or  addition  ol  water,  produce  compounds 
with  a  cyclic  structure.  Thus  terpin  hydrate  is  produced  by  shaking 
with  5  percent  sulphuric  acid  (Tietnann  &  Schmidt,1  1895).  By  heat- 
ing with  glacial  acetic  acid  and  acetic  acid  anhydride  there  results 
besides  geranyl  acetate  the  acetate  of  solid  terpineol,  the  rotation  of 
which  is  opposite  in  direction  of  that  of  the  linalool  used.  Formic 
acid,  at.  the  average  temperature  of  20°,  also  converts  it  into  the 
esters  of  linalool  and  of  the  solid  terpineol  with  opposite  rotation 
(Stephan,2  1898).  With  moderate  heat,  however,  (60—70°),  water  is 
split  off  with  formation  of  the  hydrocarbons  dipentene  and  terpinene 
(Bertram  &  Walbaum,"  1802). 

Toward  various  oxidizing  agents  linalool  behaves  differently.  With 
very  dilute  permanganate  solution  polyatomic  alcohols  are  probably 
first  formed  with  simultaneous  addition  of  water.  These  cannot  be 
isolated  in  a  pure  state,  and  are  split  up  by  further  oxidation  with 
permanganate  or  chromic  acid  mixture  into  acetone  and  laevulinic  acid 
(Tiemann  &  Semmler,*  1893).  In  accordance  with  this  result  and  in 
consideration  of  the  fact  that  linalool  is  optically  active  and,  therefore, 
must  contain  an  asymmetric  carbon  atom,  the  formula  of  a  dimethyl- 
2 , 6-  octad  iene-2 , 7-ol-6 

CHs.CfCHstiCH.CHst.CHa.CtCHaXOHJ.CH^Hs 
has  been  suggested  for  this  alcohol.5  If  linalool  is  oxidized  with 
chromic  acid  mixture  only,  it  first  suffers  a  rearrangement  owing  to  the 
acidity  of  the  oxidizing  agent  and  is  then  changed  to  the  aldehyde  of 
«praiiio],  citral  (Bertram  &  Walbaum,6  1892).  The  oxidation,  how- 
ever, usually  goes  further  and  "Abbau"  products  of  citral  are  also 
obtained,  namely  methyl  heptenone,  laevulinic  acid,  etc.  The  crystal- 
lized derivative  observed  by  Bertram  &  Walbauni  when  oxidized  with 
peroxide  of  hydrogen  has  been  shown  to  be  terpin  hydrate,  the  forma- 
tion of  which  is  in  all  probability,  primarily  due  to  the  presence  of 
mineral  acid  in  the  peroxide  of  hydrogen. 

Linalool  does  not  add  hydrogen  when  heated  with  reducing  agents, 
but  readily  loses  its  oxygen  with  the  production  of  the  unsaturated 
hydrocarbon  linalooleue  1'ioHig.  This  is  formed,  when  linalool  is  con- 
verted into  its  sodium  compound,  or  treated  with  metallic  sodium  in 
alcoholic  solution,  or  when  heated  with  zinc  dust  to  220—230°  (Semm- 
ler,* 1894). 

i)  Berlcbte.  28.  p.  2137.  «)  Ibidem,  p.  aiBI. 

»)  Journ.  f.  prakt.  Chem.,  II.  58,  p.  109.  •>  Joilrti.  I.  prakt.  Chum.,  It,  4fi,  p.  590. 

»)  Journ.  f.  prakt.  Chera.,  II.  45,  p   601.  ')  Berlcbte,  27,  p.  2520. 

*)  Rerlclih-,  28.  p.  2180. 
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As  already  mentioned,  linalool  is  found  not  only  in  the  free  state, 
but  also  as  eater  of  fatty  acids  in  volatile  oils.  Particularly  important 
is  the  acetate,  which  possesses  the  characteristic  odor  of  hergamot  and 
constitutes  the  principal  constituent  of  hergamot  oil.  In  larger  or 
smaller  amounts  linalyl  acetate  has  been  further  found  in  French  and 
English  lavender  oil,  in  Italian  liraette  oil,  in  muscatel  sage  oil  and  sas- 
safras leaf  oil.  Of  the  other  fatty  acid  esters,  the  butyrate  and  probably 
also  the  propionate  and  valerianate  are  contained  in  lavender  oil.  The 
valerianate  also  occurs  in  sassafras  leaf  oil. 

The  esters  of  linalool  that  occur  in  volatile  oils,  are  liquids  of  a  more 
or  less  strong  and  pleasant  odor.  They  cannot  be  distilled  under  atmos- 
pheric pressure  without  decomposition.  Their  synthetic  preparation 
meets  with  difficulty  in  so  far  as  linalool  is  fairly  sensitive  to  acids  and 
suffers  rearrangement  so  that,  while  the  products  obtained  by  the 
heating  of  linalool  with  acid  anhydrides  or  by  the  method  of  the  German 
Imperial-Patent  80.711  consist  for  the  main  part  of  esters  of  linalool, 
they  contain  also  those  of  geraniol  and  terpineol. 

For  the  acetic  ester  isolated  from  bergamot  and  lavender  oils  the 
following  properties  are  recorded  by  Tiemann  and  Semmler1  (1892): 
B.  p.  99— 10"i°  at  13  mm.;  dSo°  =  0.8951;  b.  p.  97— 105°  at  15  mm.; 
dao°  =  0.8972. 

For  a  preparation  containing  about  83  percent  of  acetate  distilled 
from  limette  oil,  Gildemeister9  (1895)  fdund: 

B.  p.  101—103°  at  18  mm.;  die- =  0.898;  odi6  =  —  9° 52'. 

Bertram  and  Walbaum8  (1892),  however,  determined  the  following 
constants  for  the  acetate  prepared  by  boiling  linalool  with  acetic  acid 
anhydride,  which  probably  also  contained  the  acetic  esters  of  geraniol 
and  terpineol: 

B.  p.  105—112°  at  11  mm.;  diB°  =  0.912. 

While  the  ester  isolated  from  volatile  oils  rotates  polarized  light 
more  or  less  strongly  to  the  left,  the  synthetic  preparation  is  either 
almost  inactive  or  dextrogyrate.  The  dextrorotation  increases  with  the 
quantity  of  linalool  that  has  been  changed  to  terpineol. 

As  linalool  yields  no  solid  derivatives,  which  are  suited  for  identifi- 
cation, it  is  necessary  for  this  purpose  to  convert  it  into  eitral  by 
oxidation,  and  to  characterize  the  latter  by  the  citryl-jS-naphtocinchoninic 
acid  discovered  by  Doebner  (see  eitral). 

)  Jour.  f.  prnkt.  Cheoi.,  II.  4B,  p.  098. 
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Geraniol. 

The  dioleflnic  alcohol  CioHisO  geraniol  ("Lemonol"  Barbier  and 
Bouveault;  "Rhodinol"  Grdmano  and  Huth,  Poleck)  is  isomeric  with 
linalool,  but  differs  from  it  by  its  optical  inactivity,  higher  boiling 
point  and  higher  specific  gravity.  It  is  also  found  in  the  free  atate  as 
well  as  in  the  form  of  esters  and  occurs  rather  frequently  in  volatile 
oils.  While  it  constitutes  the  main  part  of  palmarosa  oil  as  well  as  of 
German  and  Turkish  rose  oil,  and  is  contained  in  appreciable  quantities 
in  geranium,  citronella  and  lemon  grass  oils,  it  is  found  in  many  oils 
only  in  small  quantities,  as  in  neroli  and  petitgrain  oils,  lavender  oil 
and  oil  of  spike,  in  lignaloe  oil,  ylang-ylang  oil  and  sassafras  leaf  oil. 

As  primary. alcohol  geraniol  produces  a  crystalline  double  compound 
with  anhydrous  calcium  chloride  (Jacobsen,1  1871),  which  is  insoluble 
in  solvents  like  ether,  ligroin,  benzene,  chloroform,  and  is  decomposed 
by  water  into  calcium  chloride  and  geraniol.  This  property  makes  the 
preparation  of  chemically  pure  geraniol  possible  in  a  very  simple 
manner  (see  below).  For  the  isolation  of  this  alcohol  from  mixtures 
with  hydrocarbons,  etc.,  several  other  methods  have  been  reported. 
All  of  them  involve  the  preparation  of  an  acid  ester  of  geraniol  either  by 
the  action  of  phthalic  acid  anhydride  on  the  sodium  compound  of  the 
crude  geraniol  (Tiemann  and  Krueger,3  1896),  or  by  heating  geraniol 
with  phthalic  acid  anhydride  in  a  water  bath  (H.  &  E.  Erdmann,8  1897), 
or  in  benzene  solution  (Platau  &  Labbe1,*  1898).  This  acid  ester  is 
saponified  with  alcoholic  potassa  either  as  such  or  its  sodium  salt 
which  can  be  obtained  from  the  silver  salt  purified  by  crystallisation . 
These  methods,  however,  possess  no  advantages  over  the  calcium 
chloride  method.  On  the  contrary  they  are  more  complicated  and 
yield  no  purer  product  than  does  the  simpler  method  of  Jacobsen. 

Geraniol  prepared  by  one  or  the  other  of  the  above  methods  has  a 
roselike  odor  and  is  a  colorless,  somewhat  oily  liquid  which  on  longer 
standing    iu   contact  with   the   air  changes  through   the    absorptiou 
of  oxygen.    Its  properties  are  reported  as  follows : 
B.  p.  110—111°  at  10  mm.;   121°  at  18  mm.;  230°  under  atmospheric 

pressure  (Bertram  and  Gildemeister,6  1897).  . 
B.  p.  120.5-122.5°  at  17  mm.;  dao°— 0.8891  (!);  nDaw  =  1.4766, 
(Tiemann  and  Semmler,*  1893). 

')  Lleblg'"  Aonalon,  107,  p.  282.  *>  Compt.  rend.,  198,  p.  1728:  BulL  Boe. 

i)  Berichte.  2<J,  p.  901.  chlm.,  Ill,  19,  p.  688. 

>)  Journ.   I.  prakt.  Chem.,  II,  86,  >)  Jnurn.  I.  prakt.  Chem.,  II,  SB,  p.  508. 

p.  17.  •)  Berichte,  38,  p.  2711. 
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B.  p.  110.5—111°  (corr.)  at  10  mm.;  d^-  =  0.8812,  (H.  and  E.  Erd- 
mann.i  1897). 

diB°  =  0.880— 0.883;  nm7°=1.47G6— 1.478C,  (Stephan,*  1898). 

As  primary  alcohol  geraniol  ie  converted  by  oxidation  into  the 
corresponding  aldehyde  citral,  and  can  be  again  obtained  from  this  by 
reduction  (Tiemann,*  1898).  Since  citral  can  be  prepared  synthetically, 
geraniol  must  therefore  be  also  classed  with  the  compounds  which  can 
be  obtained  synthetically.  Geraniol  (besides  terpineol)  or  its  acetate 
are  produced  by  isomerization  from  linalool,  when  this  is  heated  for 
some  time  with  acetic  arid  anhydride  (Bouehardat,*  1808;  Stephan,R 
1898).  Obversely,  geraniol  can  be  changed  to  linalool  by  heating  with 
water  in  an  autoclave  to  200°."  At  a  higher  temperature  hydrocarbons 
and  their  polymerization  products  are  formed.  The  same  result  is 
obtained  when  the  chlorides  produced  by  the  action  of  hydrochloric  acid 
on  geraniol  are  treated  with  alcoholic  potasea  (Tiemann,7  1898).  A 
third  method  consists  hi  decomposing  the  phthalate  mentioned  under 
linalool  (Stephan,*  1899). 

In  general,  geraniol  is  not  acted  upon  by  acids  to  the  same  extent 
as  linalool.  Thus  it  is  quantitatively  changed  into  the  acetate  by 
boiling  with  acetic  acid  anhydride,  but  not  isomerized.  On  shaking 
with  dilute  sulphuric  acid  it  is  changed  like  linalool,  although  with 
greater  difficulty,  to  terpin  hydrate  (Tiemann  and  Schmidt,9  1895). 

Concentrated  formic  acid  exerts,  like  potassium  bisulphate  or 
phosphoric  acid  anhydride,  a  dehydrating  action  on  geraniol.  While 
with  potassium  bisulphate  a  chain  hydrocarbon  is  said  to  be  formed 
(Semniler,10  1891),  the  other  reagents  produce  terpenes.  Formic  acid 
produces  dipentene  and  terpinene  (Bertram  and  Gildeineister,"  1894 
and  1896).  According  to  Stephan,"  formic  acid,  also  a  mixture  of 
glacial  acetic  acid  and  sulphuric  acid,  convert  geraniol  as  well  as 
linalool  into  solid  terpineol  melting  at  35°.  Alkalies  scarcely  act  on 
the  alcohol  in  the  cold.  If,  however,  heated  to  150°  with  a  concen- 
trated alcoholic  alkali  solution,  a  tertiary  alcohol  CeHisO  is  said  to 
be  produced  (Barbier,18  1898)  by  the  splitting  off. of  carbon  dioxide. 

i)  Journ.  t.  prakt.  Cbem.,  II.  SO,  p.  S;  ')  Berlchte,  81,  p.  883. 

Berlchte,  81.  p.  80S,  Dole  1.  *)  J  ourn.  f.  prakt.  Cliero..  II..  60,  p.  2G2. 

•)  Jnurn.  I.  prakt.  Chero.,  II.  58,  p.  110.  »>  Berlchte.  28.  p.  31 88. 

*)  Berlchte,  81,  p.  838.  10)  Hftriehte,  34,  p.  688.  ' 

*)  Compt.  rend.,  116,  p.  1358.  '<)  Journ.   I.  pMkt.   ('hem:,    II,  49,    p. 

■)  Jonrn.  I.  prakt.  Cheat.,  II,  A8,  p.lll.       1SB;  38,  p.  288. 

•1  Bertcht  von  S.  A  Co.,   April,   1898,  »)  Job™,  f.  prakt.  Cbem..  II,  60,  p.  244. 

p.  25.  •  ii)  Compt.  rend.,  126,  p.  1428. 
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This  statement  rests,  however,  on  a  mistake,  km  the  alcohol  produced 
is  methylheptenol  CsHi«0  (Schimmel  4  Co.,*  1H9H;  Tiemann,*  1898). 

The  compounds  formed  by  the  addition  o(  bromine  and  the  action 
of  hydrohalogeu  on  geraniol  are  all  liquid  and  quite  unstable.  That 
the  isomeric  chlorides,  produced  by  an  excess  of  hydrochloric  acid,  yield 
linalool  as  well  as  geraniol  when  treated  with  alcoholic  potassa.  has 
already  been  mentioned. 

Like  nil  primary  alcohols,  geraniol  on  oxidation  with  chromic  acid 
mixture  yields  primarily  an  aldehyde,  via.  citral  C10H10O  (Semmler,8 
1891).  Accompanying  it  are  found  further  "Ablttiu"'  products  of  thin 
aldehyde,  ho  that  the  reaction  does  not  at  all  take  place  quantitatively. 
On  shaking  with  very  dilute  permanganate  notation,  polyatomic  alcohols 
are  propablv  first  formed,  which  are  oxidized  by  chromic  acid  mixture 
to  acetone,  laevulinic  acid  and  oxalic  acid  (Tiemauu  and  Semmler,* 
1895).  Since  gerauiol  in  a  primary  alcohol  and  optically  inactive,  the 
following  formula  lias  been  assigned  to  it,5  dimethyl-2,(J-octadiene-2,0-ol-8 
CHa.C(CHa):CH.CH3.('H2.<:(CH8):0H.CHsOH. 

Like  linalool  geraniol  occurs  in  volatile  oils  in  the  free  state  and 
also  in  the  form  of  eaters.  As  acetate  it  is  contained  (beside  t.he  normal 
capronate)  in  palmar  osa  oil,  further  in  lemon  oil,  petitgrain  oil  and 
sassafras  leaf  oil ;  in  the  last  also  as  valerianate.  Combined  with  tiglic 
acid  it  occurs  in  geranium  oil.  As  geraniol  is  fairly  stable  toward 
acids,  its  esters  can  be  prepared  artificially  from  acid  anhydrides  and 
geraniol,  or  also  from  acid  chlorides  and  geraniol  with  the  addition  of 
pyridine  (H.  &  E.  Erdmann,«  1897  and  1M98).  The  eaters  of  the  fatty 
acids  are  all  liquid  and  the  weaker  in  odor,  the  larger  the  molecule  of 
the  acid  radical  contained  in  it.  For  the  acetate  prepared  by  boiling 
geraniol  witli  ace  tan  hydride  Bertram  and  (rildemeister,7  (1894)  have 
determined  the  following  constants:  b.  p.  127.8—129.2°;  dw" =0.9174; 
nDi8°  =  1.4028.  When  din  tilled  under  ordinary  pressure  gernnyl  acetate 
decomposes,  acetic  acid  being  split  off. 

Of  the  other  esters  of  gerauiol,  diphenyl-carbaminie  acid  ester  and 
the  acid  plibhalic  acid  ester  are  worthy  of  mention,  because  both 
crystallize.  The  former  is  also  a  very  suitable  derivative  for  the  identifi- 
cation of  geraniol  (see  below),  while  the  phthalic  acid  ester  (m.  p.  47°) 
(Flatau  &  Labb£.a  1898)  can  be  lined  for  the  preparation  of  pure  geraniol. 


■)  Berlcht  von  S.  &  Co..  October 

SON. 

)  Ibid.,  p.  2182. 

ii.  o«. 

Joura.  f.  pukt  Chen 
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')  Bertchte,  81.  p.  Saul. 
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If  it  in  desired  to  separate  the  geraniol  aa  such  from  a  geraniol- 
uontaining  oil,  the  following  method  of  Bertram  and  Gildemeister l 
(1896  and  1807)  is  used: 

Eqnal  parts  of  oil  and  very  finely  powdered  calcium  chloride  are  carefully 
triturated.  Tbe  -mixture,  which  aa  a  result  of  the  ensuing  reaction  acquires  a 
temperature  of  np  to  80 — 10°,  is  allowed  to  stand  in  a  cool  place  in  a  desiccator. 
The  resulting  solid  mass  is  theu  powdered,  triturated  with  anhydrous  ether, 
benzene  or  low  boiling  petroleum  ether,  transferred  to  a  Alter  and  freed  by 
means  of  a  pump  from  the  compounds  not  combined  with  the  calcium  chloride 
by  repeated  washing  with  ether,  etc.  The  mixture  of  geraniol  calcium  chloride 
and  excess  of  calcium  chloride  thus  obtained  is  decomposed  by  water,  the 
HDpiiratcd  oil  washed  severnl  times  with  warm  water  and  finally  distilled  with 
water  vapor. 

The  separation  of  the  geraniol  from  mixtures  by  this  method  is  not 
quantitative.  Moreover,  the  oil  to  he  worked  with  must  consist  at  least 
one  fourth  of  geraniol.  The  separation  of  geraniol  from  citronellol  is 
described  by  Flatau  and  LabM,a  that  of  geraniol  from  tertiary  alcohols, 
e.  g.  terpineol,  by  Stephan.8  "When  only  small  amounts  of  material  are 
available,  it  is  better  to  use  for  characterization  the  dipheuyl  urethane 
of  geraniol  (Cells)  gNCOOCioHiT,  first  recommended  by  Erdmann  and 
Huth*  (189t>)  for  this  purpose.  For  the  preparation  of  this  compound 
the  authors  cited  give  the  following  directions:8 

1.0  g.  of  oil,  1.5  g.  of  diphenylcarbamine  chloride  and  1.35  g.  of  pyridine 
are  heated  for  two  hours  in  a  boiling  water  bath.  The  product  of  tbe  reaction 
is  treated  with  water  vapor  and  the  residue  solidifying  on  cooling  recrystallized 
from  alcohol.  IF  much  citronellol  is  present  at  the  same  time  with  the 
geraniol,  it  is  difficult  to  obtain  a  pnre  preparation  as  cltronellol  also  yields  a 
diphenylnrethaue,  which  remains  liquid.  In  this  case  urethanes  are  first 
obtained  of  a  lower  melting  point  (40 — 50°),  which  yield  the  pnre  di  phenyl 
urethane  of  geraniol  of  the  melting  point  82.3°  only  after  being  recrystallized 
several  times  from  alcohol. 

If  geraniol  ib  to  lie  still  further  characterized,  it  may  be  converted 
into  citral  by  oxidation  and  this  into  citryl-^-napbtliocinchoninic  acid 
{see  citral).  For  this  purpose  the  alcohol  must,  however,  be  already 
fairly  pure,  and  must  contain  no  Imalool,  as  this  also  yields  citral  on 
oxidation  with  chromic  acid  mixture. 

Ottronellol, 
Cltronellol    ("Keuniol"    Hesse.    Naschold;    "Bhodinol"    Barbier   and 
Bouveault)  CmHaoO,  differs  from  linalool  and  geraniol  by  two  atoms 

i)  Journ.    I.    prakt.  Cbem..  II,  SB,  •)  Jonrn.  f.  praJct.  Cheni.,  II,  SO.  p.  2r,t. 

p.  288;   68.  p.  507.  *)  Journ.  I.  prakt.  Cbem.,  II,  08.  p.  4S. 

I)  Ckem.  Centrbl..  TO',  p.  1094.  •)  Jours,  f.  prskt.  Own.,  II,  56.  p.  38. 
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of  hydrogen  more  in  the  molecule.  Although  it  appears  to  stand  in  clone 
relation  to  the  alcohols  cited  and  especially  to  geraniol,  both  being 
primary,  the  reduction  of  geraniol  to  citronellol  has  ho  far  been  unsuc- 
cessful. Geranic  acid,  however,  haw  been  reduced  to  citronellic  acid 
(Tiemann,*  1898). 

Citronellol  has  only  recently  been  obtained  in  a  pure  state  and 
characterized  as  an  individual  chemical  compound.  Mixtures  of  it  with 
geraniol  have  been  formerly  described  under  the  name  of  "Rliodinol" 
(Eckart.a  1801;  Barbier  and  Bouveault,"  1894)  or  "Reuniol"  (Hesse.* 
18!>4).  The"Roseo]"of  Markowniknw  and  Reformat  sky,8  (1893)  which 
was  said  to  be  the  main  constituent  of  rose  oil.  has  also  shown  itself  to 
be  a  mixture  of  geraniol  and  citronellol.  These  mixtures,  considered  as 
individual  compounds,  were  partly  obtained  from  rose  oil,  partly  from 
the  true  geranium  oils.  Now  it  is  known,  that  there  occurs  in  these 
oils,  besides  geraniol  a  second  alcohol  CioHaoO  in  larger  or  smaller 
quantities,  which  on  account  of  its  identity  with  the  alcohol  CioHaoO 
prepared  by  Dodge  by  the  reduction  of  citronellal  has  been  called 
citronellol.  In  the  geranium  oils  this  alcohol  occurs  as  a  mixture  of  both 
optically  active  modifications,  the  laevogyrate  predominating.  Rose 
oil,  however,  contains  only  1-citronellol.  In  addition  to  the  free  alcohol, 
its  esters  of  the  fatty  acids  have  also  been  found. 

As  gerauiol  and  citronellol  cannot  lw  separated  by  fractional  dis- 
tillation, either  as  such  or  after  conversion  into  esters,  it  was  difficult 
to  obtain  pure  citronellol,  especially  since  the  calcium  chloride  method 
does  not  effect  a  quantitative  separation.  Pure  citronellol  was  first 
prepared  by  Wallach,  who  noticed  that  geraniol  when  heated  with  water 
in  an  autoclave  to  250°  is  completely  decomposed  with  the  formation 
of  hydrocarbons,  whereas  citronellol  remains  unchanged.8  A  method 
of  separation  given  by  Tiemann  and  Schmidt1"  (1896)  depends  on  the 
fact  that  geraniol  in  etherial  solution  is  changed  by  phosphorus  tri- 
chloride partly  to  hydrocarbons,  partly  to  geranyl  chloride ;  citronellol, 
however,  is  converted  into  a  chlorine-containing  acid  phosphoric  acid 
ester,  which  is  soluble  in  alkalies  and  therefore  easily  separated  from 
the  other  compounds.  The  crude  citronellol  obtained  by  saponification 
of  the  ester  is  purified  by  distillation  with  water  vapor.    Separation  is 

i)  Berlcbte,  SI,  p.  2809.  »)  Journ.  f.  pr&kt.  Cbrm.,  II,  48,  p.  298 ; 

i)  Arrhlv  ti.  Phnra.,  229,  p.  85B.  Derlchte.  27.  Rel.  p.  625. 
»>  Oompt.  rend.,  lll>.  pp.  281.  884.  ')  N  Mb  rich  ten  der  Kjfl.  (lei.  d.  Wis*,  m 

»>  Journ.  I    prakt.  (Them.,  II,  50,  p.  OfltthiKen,  1886.  I,  p.  64. 
4T2.  >1  Berlcbte,  29.  p.  921. 
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also  success fully  accomplished,  when  a  mixture  of  both  alcohols  is  heated 
to  200°  with  phthalic  acid  anhydride.  Geraniol  in  destroyed  by  this 
treatment,  while  citronellol  is  converted  into  the  acid  phthalic  acid  ester, 
the  sodium  salt  of  which  is  soluble  in  water  and  can  be  saponified  by 
alcoholic  potassa.  Another  method  of  separating  citronellol  and  geraniol 
is  described  by  Flatau  and  Labbe*,1  who  make  use  of  the  phthalic  acid 
esters. 

Artificially,  citronellol  can  be  obtained  from  the  corresponding  alde- 
hyde, citronellol,  by  reduction  with  sodium  amalgam  and  glacial  Hcetie 
Add  {Dodge,2  1889;  and  Tiemann  and  Schmidt,"  1890).  The  dextro- 
gyrate modification,  however,  is  produced  by  this  treatment.  It  may 
also  be  mentioned  here  that  Walloch*  (1894  and  1897)  has  obtained 
an  alcohol  CioHaoO  by  splitting  the  cycle  of  menthonitrile  and  inversion 
of  the  resulting  aliphatic  compound.  This  possesses  great  similarity  to 
citronellol  and  is  possibly  identical  with  it. 

Pure  citronellol  is  a  colorless  liquid  of  a  pleasant  rose-like  odor, 
finer  than  geraniol.  According  to  the  manner  of  preparation,  it  shows 
slight  variations  in  the  physical  properties.  Wallach8  determined  for 
a  citronellol  (reuniol)  prepared  by  his  method  the  following  constants: 

B.  p.  114—115"  at  12—13  mm.;  d2a=  =  0.858;  iiD3»°  =  1.45809; 
[«]d=-1°40'. 
According   to  Tiemann  and  Schmidt,6  (1896),  d-citronellol  formed  by 
tlie  reduction  of  citronellal  possesses  the  following  properties : 

B.  p.  117—118°  at  17  mm.;  diT.s=  =  0.8505;  hDit-o»  — 1.45659 ; 

[«]im.S°=+4°. 

1- Citronellol,   prepared   from   rose   oil    by    the    phosphorus    trichloride 

method,  boils  under  a  pressure  of  15mm.  at  113—114°,  has  dso°=0.8612, 

0.0  =  1-45789  and  turns  the  plane  of  polarized  light  4°20'  to  the  left.7 

For  the  alcohol  obtained  from  geranium  oil  from  the  island  of 
Reunion  by  a  method  similar  to  that  of  Wallach,  Schimmel  &  Co.8 
found  (1898): 

B.  p.  225—220°  at  784.5  mm.;  di5-  =  0.863;  noar- =  1.45811; 
[Q]o  =  -l°40'. 

i)  i'hciD.  Centrbl.,  TO',  p.  1091. 
>)  Araer.  Chem.  Jonrn,.  11,  p.  403. 

■  )  Burlchle    30,  p.  000.  1HVS,  p.  SO. 

*>  Llebitt'a  Aanalea,  378,  p.  SIB;  90S,  •)  Rericht*.  30,  p.  006. 

p.  139.  >)  Ibid.,  p.  098. 

*>  Berlcht  von    S.   *  Co. 
p.  63. 
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Citronellol  is  much  more  stable  than  geraniol  and  is  not  affected  by 
heating  with  alkali.  When  shaken  with  10  percent  sulphuric  acid  it  is 
converted  by  the  addition  of  water  into  a  diatomic  alcohol,  from  which 
dehydrating  agents  regenerate  citronellol  (Tiemami  and  Schmidt.1  1896). 
To  obtain  from  it  a  cyclic  hydrocarbon  t'loHis  by  splitting  off  water 
lias  so  far  been  impossible.  As  mentioned  above  several  methods  for  its 
separation  from  other  alcohols  have  been  based  ou  its  stability  toward 
phosphorus  trichloride  in  the  cold  and  the  combined  action  of  heat  and 
pressure  in  the  presence  or  water. 

On  oxidation,  citronellol  as  primary  alcohol  is  first  converted  into 
the  aldehyde  citronellal  L'loHisO,  which  can  be  again  changed  to  the 
alcohol  by  reduction  with  sodium  amalgam.  The  change  to  the  alde- 
hyde, however,  is  no  more  quantitative  than  that  of  geraniol  to  eitral. 
Further  oxidation  products,  like  citronellic  acid  etc..  are  usually  obtained 
(Tiemann  and  Schmidt,*  1897).  If  citronellol  is  first  hydroxylued  by 
cold  dilute  permanganate  solution  and  the  resulting  polyatomic  alcohol 
further  oxidized  with  chromic  acid  mixture,  met  one  and  ,3-methyladipinic 
acid  are  obtained  as  decomposition  products.  The  latter,  according  to 
the  material  used,  is  more  or  less  optically  active  or  inactive  with 
the  corresponding  variation  in  melting  point  from  82— 96°.  Since 
citronellol  can  be  converted  into  a  cyclic  alcohol,  isopulego),  and  from 
this  into  pulegone,  citronellol  has  been  regarded  by  Tiemann  and 
Schmidt"  (1896)  as  dimethyl-2,6-octene-2-ol-8,  CHu.qCHsJjCH.CH*. 
CH3 .  CH(0H«)CHfl .  CHsOH. 

The  esters  of  citronellol,  of  which  the  acetate  occurs  in  volatile 
oils,  are  readily  obtained  by  treatment  of  the  alcohol  with  the  respective 
acid  anhydrides.  The  acetate  is  a  colorless  liquid  of  a  pleasant  odor, 
faintly  suggesting  bergamot  oil.  According  to  Nasuhold*  it  boils 
under  1ft  mm.  pressure  at  121.5° :  according  to  Tiemann  and  Schmidt6 
(1896)  at  119—121°  and  has  dn.B°  =  0.8928;  nDi7.n»  =  1.4456; 
0]D  =  +  2°37'. 

The  acid  phthalicacid  ester  formed  by  heating  citronellol  with  phthalic 
acid-anhydride  is  distinguished  from  that  of  geraniol  by  being  liquid, 
but  gives  a  well  crystallized  Hilver  salt,  from  which  pure  citronellol  can 
be  regenerated  (Erdmann  and  Huth.«  1897). 

The  characterization  of  citronellol  is  effected  by  ib*  oxidation  to 
citronellal   (see    this)    which    is    easily   identified    by    conversion    into 


<)  Berlehte.  29.  p.  907. 
»)  Berlehte,  80,  p.  84. 
»)   Hertchte,  20,  p.  908. 

*)  Dies.,  p.  40. 

*)  Berlehte,  39,  p.  907. 
•  )   Jmirn.  f.  prHkt.   ('hem. 
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eitronellyl-jS-naplitorinehoninic  acid   or  by  the  semicnrbazone    melting 
at  82..r)°  (Tiemann  and  Schmidt,*  1897). 


Of  the  aromatic  alcohols  but  few  have  been  found  in  volatile  oils. 
Benzyl  alcohol  seems  to  occur  as  benzoate  and  cinnamate  in  Peru 
and  tolu  balsam,  the  cinnamate  ban  also  l>een  found  in  storax.  Small 
amounts  of  the  free  alcohol  are  reported  to  occur  in  Peru  balsam  and 
the  oil  of  the  cherry  laurel.  Cinnamic  alcohol  and  its  reduction  product, 
phenylpropyl  alcohol-  occur  an  acetates  in  enssia  oil;  the  former  occurs 
.also  as  cinnamate  (styracin)  in  stornx. 

More  frequent  is  the  occurrence  of  hydro  aromatic  alcohols,  both  as 
esters  and  in  the  free  state.  The  following  representatives  of  this  group 
have  been  found :  sahinol,  CioHioO ;  thujyl  alcohol,  terpineol,  borneol, 
all  of  the  composition  CioHibO;  and  menthol,  CioHsoO.  Whereas 
Habinol,  thujyl  alcohol  and  menthol  have  been  found  in  but  one  oil 
each,  terpineol  awl  borneol  have  l>een  found  more  frequently  in  volatile 
oils. 

Terpineol. 

By  the  action  of  dilute  sulphuric  acid  on  terpiu  hydrate  the  liquid 
terpineol  of  commerce  is  formed,  which  is  not  an  individual  aulwtance, 
but  a  mixture  of  isomeric  compounds  CioHisO.  From  the  results  of  the 
oxidation  experiments  cnrried  out  by  Tiemann  and  Schmidt8  in 
1895  the  conclusion  may  be  drawn  that  the  solid  inactive  terpineol 
of  the  melting  point  35°  is  contained  in  it  in  considerable  quantities. 
In  nature,  however,  only  the  individual,  solid,  either  optically  inactive 
or  active,  terpineol  appears  to  be  found,  the  constitution  of  which  was 
cleared  up  by  the  researches  of  Wallach8  (189H— 1890).  and  of  8emmler 
and  Tiemann*  (1H9"»— 1H96).  Although  liquid  terpiueols  have  been 
isolated  from  cardamom,  kesso,  and  knromoji  oils  and  recently  also 
from  marjoram  oil.  it  seems  probable,  however,  that  these  may  also  be 
obtained  in  the  solid  state,  especially  since  it  has  been  found  that  the 
terpineol  from  cardamom  oil  can  be  obtained  in  a  crystalline  form.B 

Solid  inactive  terpineol  occurs  in  cajuput  oil;  the  laevogyrate 
modification  is  contained  In  niaonli  oil,  the  dextrogyrate  in  lovage  oil, 
cardamom  and  marjoram  oil,  in  the  latter,  however,  in  the  liquid  form. 

1)  Berlchte,  SO.  p.  84. 

»|  Berlcbte,  98,  p.  1TS8. 

»)  LlebiK'*  Anaalen,  375.  pp.  108,  150;  3T7.  p.  HO;  391.  p.  S*2;  Bertchle,  98.  p.  1778. 

*)  Berlcht*.  3H,  pp.  1778,  3189;  20.  p.  2618. 

>)  Bericht  tod  S.  k  Co.,  Oct.  1897,  p.  9. 
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Besides  these,  liquid  terplneol,  in  regard  to  the  rotatory  power  of  which 
no  statements  are  made,  has  been  found  in  camphor  oil,  kuromoji  oil, 
kesso  and  erigeron  oil. 

Artificially,  inactive  terpineol  in  formed  according  to  a  report  by 
Bouchardat  and  Voiry1  (1887)  by  the  action  of  very  dilate  sulphuric 
acid  on  terpiri.  but  it  is  not  easy  to  separate  the  solid  from  the  liquid 
terpiueol  obtained.  More  successful  is  the  preparation  of  the  solid 
optically  active  modifications  from  d-  or  1-limonene  monohydrobromide 
by  boiling  with  silver  oxide  or  lead  oxide  according  to  the  method 
given  by  8emmlera  (1895).  In  the  simplest  manner  they  can  be 
obtained  as  acetates  by  the  simultaneous  action  of  glacial  acetic  acid  ■ 
and  sulphuric  acid  (see  under  camphene,  p.  112)  on  the  limonenes,  or 
glacial  acetic  acid  and  zinc  chloride  on  the  pinenes  (Ertschikowsky,8 
1896).  Further,  the  formation  of  optically  active  solid  terpineols  from 
linalool  by  acetic  acid  anhydride  or  formic  acid  (Stephan,4  1898),  as 
well  as  of  solid  inactive  terpineol  from  gerauiol  and  formic  acid"  are 
worthy  of  mention. 

The  solid  terpineol,  which  possesses  the  characteristic  lilac  odor 
of  the  liquid  compound  only  to  a  small  extent  and  is  readily  soluble  in 
organic  solvents,  has  the  following  properties: 

B.  p.  217—218°  at  7G0  mm. ;  104—105°  at  10  mm.;  diB°  =  0.935— 
0.940;  nDao°  =  1.48084 ;«  in.  p.  35V  (Wallach,  1893). 

The  optical  activity  varies;  the  highest  deviations  observed  are, 
for  d-terpineol  from  cardamom  oil  [a]D=+83°31'  (Schimmel  &C0.),8  for 
l-terpineol  from  niaouli  oil  [«]„=— 2°10'  (Bertrand,0  1893).  With 
artificially  prepared  l-terpineol  [a]n  has  been  observed  as  high  as 
—  117.5°  (Ertschikowsky10). 

In  their  chemical  behavior  the  inactive  and  active  modifications  are 
completely  alike;  for  a  few  derivatives,  however,  slight  diSerences  in 
the  melting  points  have  been  observed.  Terpineol  is  a  tertiary  unsatu- 
rated alcohol,"  which  yields  with  bromine  and  nitrosyl  chloride  addition 
products,  of  which  the  latter  as  well  as  the  nitrolamines  produced  from 
it  by  treatment  with  bases,  are  very  well  suited  for  characterization 

l)  Codipt.  rend.,  104,  p.  997. 

>)  Berlchte.  23,  p.  2189. 

*>  Journ.  d.  rum.  pbyi.-chem.  Oen..  28,  p.  1S3;   Aba.  Bull.  Koc.  chlin..  Ill,  16,  p.  1SB4. 

*)  Journ.  I.  prakt.  Cnem.,  II,  5S.  p.  109;  II.  60,  p.  242. 

•  )  Observations  In  the  laboratory  of  S.  £  Co. 

•)  See  p.  110. 

n  Lleblg'e  Annalen.  275,  p.  104. 

»)  Herlcht  von  8.  *  Co.,  Oct.  1807,  p.  9. 

>)  Bull.  Soc.  chlm..  III.  9,  p.  480:   Corap.  rand.,  116.  p.  1072. 

ioj  Lo«.  clt.    Comp.  also  Oodtowi.ky,  Cnem.  Centrbl.,  70i,  p.  1271. 
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(see  p.  142).  By  the  action  of  hydrohalogen  acids  the  corresponding 
dipentene  dihydrohalides  are  produced,  of  which  the  dihydriodide 
CioHisIa  (m.  p.  77—78°)  formed  by  shaking  with  concentrated  hydriodic 
acid  may  be  used  for  the  rapid  detection  of  terpineol  (Wallach,1  1885). 
Toward  mineral  acids  and  also  some  of  the  organic  acids  the  alcohol  is 
rather  unstable.  Whereas  by  shaking  with  dilute  sulphuric  acid  it  is 
converted  into  terpin  hydrate  (Tiemann  and  Schmidt,"8  189i>),  by  boiling 
with  this  reagent  water  is  abstracted  with  the  formation  of  terpinene, 
besides  a  little  dipentene  and  cineol.  Similar  in  action  is  potassium 
bisulphate,  which  yields  mostly  dipentene;  further,  phosphoric  acid 
which,  besides  small  amounts  of  terpinene  and  cineol,  yields  mostly 
terpinolene;  and  oxalic  acid  which  likewise  yields  terpinolene  (Wallach,8 
1893;  Baeyer,*  1894).  Acetic  acid  anhydride,  especially  on  heating, 
also  acts  as  dehydrating  agent  with  the  formation  of  dipentene,  so 
that  it  is  impossible  to  convert  terpineol  quantitatively  into  its  ester 
by  boiling  with  this  reagent  (Ginsberg,8  1897). 

By  oxidation  with  dilute  permanganate  solution  terpineol  is  first 
converted  into  a  polyatomic  alcohol  CioH>oOs  (m.  p.  122°),  from  which 
by  oxidation  with  chromic  acid  mixture  a  ketolactone  CioHmOs 
(m.  p.  64°)  is  produced.  The  study  of  this  compound  has  been  very 
useful  in  the  determination  of  the  constitution  of  terpineol,  which 
accordingly  is  regarded  as  J'-terpene-S-ol." 
CHs      CH» 
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By  the  energetic  oxidation  of  the  terpineol,  also  of  the  ketolactone 
with  chromic  acid  mixture  or  nitric  acid  terpenylic  and  terebic  acids 
are  formed  (Tiemann  and  Mahla.T  1896;  Godlewsky.s  1899). 

I)  IJ«b[g'«  Annalen,  280,  p.  264.  «)  For  the  literature  Me  p.  189.  foot- 

i)  Herlchte,  28,  p.  1781.  note*  S  ±  4. 

*)  LleblK'i  AnnaJeii,  3T3,  pp.  104-1118. 
•)  Berfcbte,  27,  p.  44T. 
•)  Cbero.  Centralbl..  p.  417  ;   Berlcht  von 
S.  *  Co.,  Oct.  1897,  p.  «9. 
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Terpineol  is  of  especial  interest  in  so  far  us  it  can  be  converted 
into  derivative*  of  curvone  through  the  tribroinide  and  nit rosoehlo ride 
(Wallach,1  1894— 9G). 

The  alcoholic  hydroxy!  group  of  terpineol  reacts  with  phenyl 
isocyanate,  when  the  two  compounds  are  mixed  and  allowed  to  stand 
some  time  at  room  temperature.  Sometime*  crystals  of  diphenyl  urea 
first  separate,  from  which  the  remaining;  liquid  mixture  can  be  removed 
by  treating  it  with  cold  anhydrous  ether.  On  careful  evaporation  of 
the  solvent  the  methane  separates  out  in  fine  needles.  Reerystallized 
from  alcohol  it  possesses  the  melting  point  113°  (Wallach,3  1893).  The 
compound  obtained  from  optically  active  terpineol  is  likewise  optically 
active.    The  urethane  can  be  used  for  identification. 

For  the  purpose  of  identification,  the  nitrosochloride  is  especially 
adapted.  According  to  Wallach8  (1803)  it  is  prepared  in  the  following 
manner : 

IS  g.  of  terpineol  are  dissolved  in  15  cc.  of  glacial  acetir  niiid  and  11  cc.  of 
ethyl  nitrite  and  after  strongly  cooling-  in  a  freezing  mixture  a  eolation  of  6  cc. 
of  hydrochloric  acid  in  ail  equal  volume  of  glacial  acetic  acid  is  added  drop  by 
drop  and  with  constant  shaking;  when  the  reaction  is  completed  the  nitroso- 
chloride  formed  in  precipitated  by  ice  water.  It  separates  as  an  oil,  bat  soon 
becomes  crystalline.  The  solid  product  can  be  purified  by  rccrystalli xatioil  from 
hot  acetic  ether  or  methyl  alcohol  and  then  melts  at  112—113°. 

By  treating  the  nitrosochloride  with  piperidine  in  alcoholic  solution 
terpineol  liitrol piperidine  CioHit(OH)KONCgHio  is  obtained,  which  is 
difficultly  soluble  in  ether  and  crystallizes  from  hot  methyl  alcohol  in 
needles  of  the  melting  point  159—160°.  This  statement  by  Wallach 
refers  to  a  preparation  obtained  from  optically  inactive  terpineol;  the 
nitrolpi pyridine  obtained  from  the  optically  active  terpineol  melts  several 
degrees  lower,  namely  at  151 — 1">20.*  With  aniline  the  nitrosochloride 
yields  the  terpineol  nitrolnniline,  in.  p.  loo— 156°. 

In  connection  with  terpineol  terpiu  hydrate  may  be  briefly  con- 
sidered. This  stands  in  close  relation  to  terpineol  and  is  formed  from 
it  by  hydration  in  the  presence  of  dilute  acids.  According  to  older 
statements  it  is  said  to  occur  in  cardamom  and  basilicum  oils.  Recent 
observations,  however,  corroborating  this  statement  have  not  been 
recorded.  In  all  probability  terpiu  hydrate  was  not  originally  contained 
in  the  oil,  but  was  formed  only  after  standing  for  some  time. 

i)  Lleblg'H  Annaleu,  S81,  p.  140;  2111.  >)  Lie 

l>.  816.  •}  Be 

')  LifblR'*  Aniialcn.  275.  p.  1«4. 
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BOHNBOL. 

Boraeol  occur*  in  the  free  state  in  both  optically  active  modifications, 
inr  the  form  of  ester  mostly  in  the  laevogyrate  modification.  The 
borneo-camphor  from  Dryobalaaops  camphors,  consists  of  d-borneol, 
while  the  Ngai-eamphor  (or  Ng&i-ffn)1  from  tilumea  baisamifera  is  the 
laevogyrate  modification  of  borneol  found  in  nature.  d-Borneol  haw 
also  been  found  in  spike  and  rosemary  oils,  as  well  as  in  Siam  cardamom 
oil ;  1-borneol  occurs  as  esters  and  also  in  the  free  state  in  citronella  oil 
and  the  oil  of  Matricaria  parthenium  as  well  as  in  valerian  and  kesso 
oils.  In  the  two  latter  oils  it  occurs  as  acetate  and  isovalerianate. 
Further,  borneol  ban  been  shown  to  be  present  in  golden  rod  oil,  in  the 
oils  from  sage  and  thyme,  as  well  as  In  the  oils  from  Ariatolochia 
aerpentaria  nnd  A.  reticulata,  but  no  statements  as  to  the  direction  of 
rotation  of  the  borneol  found  are  recorded.  The  acetate  of  this  alcohol 
possesses  the  characteristic  fir  odor  and  forms  a  large  constituent  of 
many  coniferous  oils. 

Artificially,  borneol  is  most  readily  obtained  from  d-  or  1-camphor 
by  reduction  with  sodium  in  alcoholic  solution  (Wallach,3  1885)  or  in 
indifferent  solvents  (Beckmann,8  1888);  the  borneol  thus  prepared  is, 
however,  never  pure,  but  is  a  mixture  of  borneol  and  isoborneol.  In 
alcoholic  solution  less  isoborneol  is  formed  than  in  indifferent  solvents. 
In  the  latter  case  there  is  obtained  as  by-product  about  5  percent  of 
camphor  pinacone  (Beckmann,*  1807).  From  the  mixture  of  the  two 
borneols  pure  borneol  can,  however,  l>e  separated  by  acetylization,  and 
saponification  of  the  bornyl  acetate  which  crystallises  out. 

Pure  borneol,  recrystalliised  from  ligroin,  forms  brilliant  laminae  or 
plates,  which  belong  to  the  hexagonal  system  (Traube,"  1894).  It 
possesses  an  odor  somewhat  similar  to  that  of  camphor,  and  reminding 
of  amber.  It  melts  at  203 — 204"  (with  preparations  containing  iso- 
borneol at  206 — 208°) ;  the  boiling  point  lies  at  212°.  Like  camphor, 
borneol  is  also  somewhat  volatile  at  ordinary  temperature,  but  not  to 
the  same  extent.  The  sj>eeinc  gravity  is  reported  by  Plowman0  (1874) 
to  be  1.011  for  d-borneol,  1.02  for  1-bomeol. 

Beckmann7  ('89  &  '97)  found  the  rotatory  power  of  d-borneol  to  be 
+  37.44".    In  agreement  with  this  are  the  statements  of  Haller8  (1889) 

l)   Bericbt  S.  A  Co.,  April  180.1. ,  p.  74.  I)  Lieblg's    Annalen.     250,    p.    858; 

>)  Llebig'*  Annalen,  280,  p.  225.  Jonrn.  I.  prakt.  C'licm.,  II,  55,  p.  81. 
•>  Berlchte,  21.  Kef.  p.  821.  »)  Coinpt.   rand.,   109,   80:    Bee    iiluo 

*)  Jonrn.  I.  prakt.  Chem.,  II,  65,  p.  81.  Haller.  Compt.  rand..  112  (1801).  p.  148, 

■)  Jonrn.  f.  prakt,.  Chem.,  II,  40,  p.  8.  on  the  influence  of  the  aolTent  on  optical 

«)  Pharm.  Jonrn.,  III.  4,  p.  710.  activity. 
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who  determined  for  the  alcohol  regenerated  from  the  crystallised 
acetate,  [«]d  to  be  +  37.G3°.  Natural  1-bonieol  possesses  according 
to  Beckmann,!  [«]D=—  S7.74°,  according  to  Haller,*  (1889)  [a]D  =  — 
.17.77°.  A  slightly  higher  rotatory  power,  namely  [«]„  =  —  39°25'  was 
observed  for  the  1-borneol  occuring  under  the  name  of  Ngai  ffin 
(Schimmel  &  Co.8). 

The  dextro-  and  the  laevogyrate  modifications  of  borneol  are 
completely  alike  in  their  chemical  behavior.  Although  borneol  is  a 
saturated  alcohol,  it  forms  loose  addition  products  with  bromine  and 
hydrohalogens  (Wallach,*  1885),  which,  however,  are  not  suited  for 
characterization.  As  secondary  alcohol  it  is  first  converted  by  oxidation 
into  the  corresponding  ketone  CioHmO,  camphor,  a  reversal  in  rotation 
not  taking  place.  By  using  nitric  acid  as  oxidizing  agent,  oxidation 
products  of  camphor,  like  camphoric  acid  etc.,  also  occur.  Toward 
dehydrating  agents,  like  zinc  chloride  and  dilute  sulphuric  acid,  borneol 
is  very  stable  (Bertram  and  Walbaum.6  1894).  In  this  respect  it  differs 
greatly  from  the  isomeric  isoborneol.  Phosphorus  pentachloride  converts 
it  into  bornyl  chloride.  When  this  is  boiled  with  aniline,  hydrogen 
chloride  is  split  off,  and  camphene  is  produced. 

As  already  mentioned,  borneol  also  occurs  in  combination  with  fatty 
acids  in  volatile  oils;  more  commonly  as  the  acetate  of  1-borneol,  which 
has  so  far  been  shown  to  be  present  in  the  oil  of  Abies  alba,  hemlock 
oil,  oil  of  Pkea  nigra.,  in  oil  of  Pinua  ledebourii  as  well  as  in  the 
oils  of  Abies  balaamea  and  A.  canadensis,  further  in  valerian  and  kesso 
oils.  In  addition  to  these  it  has  been  shown  to  be  present  in  the  oils 
of  Pinna  montana,  golden  rod,  Satureja  thymbra  and  Thymus  capitatutF 
but  it  is  not  known  in  which  modification. 

Bornyl  acetate  is  the  only  fatty  acid  ester  of  borneol  which  will 
crystallize.  From  petroleum  ether  it  is  obtained  in  rhombic  hemihedral 
crystals,  which  melt  at  29°  (Bertram  and  Walbaum,0  1893).  Since 
borneol  is  fairly  stable  toward  acids,  its  esters  can  be  prepared  either 
from  borneol  and  acid  chlorides  or  anhydrides.  They  all  possess 
an  odor  similar  to  the  acetate,  the  intensity  of  which  diminishes 
with  increase  in  the  molecular  weight  of  the  acid.  Tschugaeff* 
(1898)  reports  on  the  properties  of  the  fatty  acid  esters  of  1-borneol  as 
follows : 

l)  LlehlK'n  Annalen,  350,  p.  838;   Journ.  *)  Lieblft'B  Annalen.  280,  p.  238. 

I.  prakt.  Chain.,  II.  S3,  p.  81.  ")  Journ.  I.  prakt.  Chera.,  II,  49.  p.  8. 

•)  Compt.  rend..  108,  p.  4S6;  109.  p.  4Btt.  *)  Archlv  d.  Pharm.,  381,  p.  80S. 

•)  BBrtcbtvonS.  *  Co..  April  1 80S,  p.  74.  »)  Uericht*.  81,  p.  1776. 
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JB.p.(lSmni) 

< 

[«]d 

1 

1.0058 
0.9855 
0.9717 
0.9611 
0.9533 

Acetate 

Propionate. ..... 

n-Bntyrate 

n- Valerianate 

97° 

1          107° 

[          118° 

128° 

139° 

—  -10.40° 

_.  44.40°  i 

—  42.06° 

—  39.15° 

—  37.08° 

Similar  statements  were  made  by  Bertram  and  Wnlbauin8  in  18!)H. 

For  the  charai  terifatitm  of  borneol  the  bornyl  phenylurethune  pro- 
duced  by  the  actiOD  ol  carbanil  is  used.  It  melts  at  188— 139° s  and  is 
optically  active  in  the  mime  direction  as  the  borneol  from  which  it  in 
prepared.  The  addition  products  formed  by  the  combination  of  borneol 
with  chloral  and  bromal.  of  which  that  of  the  chloral  melt*  at  5li° 
(Haller,*  1891),  that  of  the  bromal  at  105—109°  {Mingnin,o  1893), 
fan  also  be  used  for  the  detection  of  bonieol.  Borneol  may  also  be 
converted  into  camphor  by  oxidation  with  Beckmann's  chromic  acid 
mixture  and  this  identified  by  its  oxinie.  When  acted  on  by  formic 
aldehyde  in  the  presence  of  sulphuric  or  hydrochloric  acid,  borneol  is 
converted  into  diborneol  formal  (CioHit.O)3CH3  (Brochet,*  1899). 

Occasionally  it  is  nei-essary  to  separate  a  mixture  of  borneol  and 
camphor.  The  separation  can  be  effected  according  to  Halter's7  (1889) 
method  by  heating  the  mixture  with  succinic  acid  anhydride.  Borneol 
is  thereby  converted  into  the  acid  succinic  acid  ester,  the  sodium  salt 
of  which  is  soluble  in  water  and.  therefore,  easily  separated  from  the 
camphor.  Instead  of  succinic  acid  anhydride  the  corresponding  deriva- 
tive of  phthalic  acid  may  be  used.  The  esters  of  borneol  formed  by 
heating  with  benzoic  or  stearic  acid  anhydride  are  difficultly  volatile 
and  can  be  separated  from  camphor  by  distillation  with  water  vapor. 
The  camphor  may  also  be  converted  into  its  oxinie  and  this  removed 
from  the  mixture  by  shaking  with  about  25  percent  sulphuric  acid. 

Menthol. 
Menthol    is    found    only    in    the    laevogyrnte    modification    as    the 
principal  constituent  of  the  peppermint  oils,  from  which  it  separates  in 


■  )  The  same  value  was  found  by  Haller 
In  I8S8  for  the  acetate"  of  the  borneol  from 
talerisn  oil  and  firyohalanops  prepared  by 
b'pllLnft  with  scetnn  hydride.  Com | it.  rend., 
UK),  pp.  29  &  BO. 

*)  Arohlv.  d.  Pharin.,  281.  p.  8(1.'.. 


i.  f.  prakt.  Chun.,  II.  49.  p.  5. 
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crystals  on  cooling.  Artificially,  it  is  obtained  by  reduction  of  menthone 
and  pulegone  (Beckmann  and  Pleissner,1  1891).  With  an  excess  of 
nascent  hydrogen  only  menthol  results  from  menthone.  When  solvents 
are  used  which  do  not  themselves  liberate  hydrogen  with  sodium,  some 
mentho-phmcone  also  in  formed.  1-  and  d-Menthone  yield  by  both 
methods,  also  with  change  in  temperature,  a  strongly  1  fie vogy rate 
menthol  mixture.  From  this  1-menthol,  melting  at  43°,  and  slightly 
dextrogyrate  iso  menthol,  [o]d  —  +  2°,  melting  at  78—81°,  ean  l>e 
separated  (Beckmann,a  1897). 

Menthol  crystallizes  in  colorless  needles  or  prisms  lielongiug  to  the 
hexagonal  system.  It  is  characterized  by  a  strong  peppermint  odor 
imd  cooling  taste.     Its  physical  properties  are  reported  ns  follows; 

M.  p.  -12°;  l>.  p.  211. o°  under  78o  mm.  pressure  (Arth.8  188G): 

M.  p.  42.:i°:b.  p.  212.5°  under  742  mm.  pressure  (ran-.):  d^  =  0.890 
for  solid,  d^f  =  0.8810  far  liquid  menthol;  [«]d4«°  =  —  49.80°  for 
molten  menthol  (Long.4  1892); 

B.  p.  21">. ">°  under  758  mm.  pressure;  odbo"  —  —  4.1° 4.V  for  menthol 
in  tin  overcoolcd  molten  condition  (Power  and  Klel>er,B  1894). 

M.  p.  4:t°;  [«]D  =— +».3°  (in  20  p.  c.  alcoholic  solution):— 7,7. 7° 
in  10  p.  c.  alcoholic  solution  (Beckmann.8  1889);  new  =  1.4470  (Braid.* 
1H88). 

Menthol  is  a  saturated  secondary  alcohol,  which  by  the  abstraction 
of  water  with  potassium  bisulphate.  zinc  chloride,  etc.,  is  converted 
into  the  hydrocarbon  menthene  CiuHig.  By  reduction  with  hydriodic 
acid  and  phosphorus,  liexaliydrocymene  CioHao  is  produced  (Berken- 
heim,8  1892).  llpou  oxidation  with  chromic  acid  mixture  the  corre- 
sponding laevogymte  ketone  CioHjbO,  inenthoue,  results  (Beckmann,* 
18K9).  With  potassium  permanganate  as  oxidizing  agent  compounds 
are  obtained  which  also  result  upon-  the  oxidation  of  menthone,  v«. 
ketomenthylic  acid  and  ^-methyludipinic  acid.  in.  p.  88—89°.  In  aci-ord- 
ance  with  these  results  the  accompanying  formula 

>)  IJi-big'n  Annalen,  sea,  pp.  SO  &  KM, 
>)  Journ.  I.  prakt.  Chem..  II.  55.  pp.  19  &  80. 
>)  Anmlw  de  Chlm.  et  de  Phya..  VI,  7,  p.  4RS. 
*)  Chem.  rentralbl.,  08",  p.  525. 

»)    Plunu.   tlundschau,   12.  p.   102  :    Archlv   d.    ['harm.,   SHS,  pp.   8*7  4   fl6H. 

•)  LIpWk'b  Annalen,  250,  p.  827;  .lourn.  I.  prakt.  Cham..  H,  S5.  p.  IS. 

')  Berlchte,  21.  p.  157. 

■)  Berk  tat*.  25,  p.  068. 

>)  Ueltux'a  Annalen,  250,  p.  825. 
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k 


has  been  given-  to  menthol.  Jlinger  and  Klages1  corroborated  this 
formula  in  1896  by  the  conversion  of  menthone  into  3-chlorcymene. 
That  menthol  yields  cymeue  when  hen  ted  with  anhydrous  copper 
sulphate  to  250—280°,  had  previously  been  found  by  Bruhl*  (1801). 

Of  the  fatty  acid  esters  of  menthol,  which  can  be  obtained  in  the 
same  manner  as  those  of  borneol,  the  acetate  and  isovalerianate  have 
been  found  in  peppermint  oil.  They  have  been  investigated  byTschugaeff  a 
(1808)  with  special  consideration  of  their  rotatory  power.  According 
to  this  investigation,  the  lower  esters  possess  the  following  properties ; 


B 

p.  (16  mm) 

,20°             1 

[«]» 

98° 

0.9359 

-  79.52° 

Awtate 

108° 

0.9185 

—  79.42° 

Pruiiionale 

118° 

0.9184 

—  75.51° 

129° 

0.9114 

-69.52° 

ii- Valerianate 

141° 

0.9074 

-  65.55° 

Power  and  Kleber6  (1894)  report  that  menthyl  acetate  boils  at 
228°  under  762  mm.  pressure  and  that  aD=— 72°15'.  With  formic 
aldehyde  menthol  forms  dimenthol  formal  CHs(OCioHib)b  melting  at 
56.5°  (Brochet8)  The  methyl  ester  of  menthylsanthogenic  acid  (m.  p. 
39°)  and  meuthyldixanthogenate  (yellow  crystals)  are  of  interest  because 
they  can  be  converted  into  menthene  of  a  high  rotatory  power 
(Tschugaeff,1  1899). 

With  its  peculiar  physical  properties  the  identification  of  menthol 
will  hardly  offer  any  difficulty.    If  it  does,  however,  the  menthylphenyl 


i)  Berlchte,  29.  p.  804. 
))  Berlchte,  34,  p.  8ST4. 
*)  Berlchte,  SI,  p.  864. 
*)  Solid!  flee  at  a  low  temperature  and 
melt*  at  +  9°. 


}  Phann.  RnndMhau,  12, 
It  d.  Pharm.,  382,  p.  6S8. 
)  Compt.  rend.,  138,  p.  613 
)  Uerlchte.  82,  p.  SB82. 
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urethane  produced  by  the  action  of  phenyl  isocyanate  may  be  used  for 
this  purpose.  Thin  compound,  flint  prepared  by  Leuckart,  melts  at 
111—112°,  and  is  optically  active  in  the  same  direction  as  the  menthol 
from  which  it  is  prepared.  When  heated  with  sodium  ethylate  menthol 
is  regenerated,  but  also  inactivated  (Beckmanu,1  1897). 

A  further  derivative,  by  means  of  which  menthol  is  easily  character- 
ized, is  the  menthyl  benzoate  produced  by  heating  it  with  benzoic  acid 
anhydride.  The  enter  is  difficultly  volatile  with  water  vapor  and  melts 
at  54.5°  (Beckmann,*  1801  and  1897). 

The  separation  of  a  mixture  of  meuthol  and  mentbone  may  be 
accomplished  in  the  same  manner  as  that  given  for  borneol  (Beck- 
mann.8  1807). 


As  previously  stated,  the  sesquiterpenes  are  frequently  accompanied 
by  so-called  sesquiterpene  alcohols  CieHaaO,  which  upon  dehydration  yield 
hydrocarbons CisHa*.  They  are  colorless,  and  when  pure  mostly  odorless. 
With  the  exception  of  the  liquid  santalol  they  have  a  marked  tendency 
to  crystallize.  The  following  table  contains  a  compilation  of  their 
physical  properties  together  with  those  of  several  other  alcohols  of 
different  composition. 


Fonnula 

M.  p. 

B.  p. 

300—302° 
155-156° 
(U  mm) 

282°  » 

248°  I' 

288° 

148°  (10  mm) 

282— 283° 

167-169° 
110-12  mm) 

Optical 
behavior 

Maticocamphor.. 

KeBsyl  alcohol 8 

San  talcam  phor  T 

Cedrol 

CiaHsoO 
CuHmOj 

CisHaaO 
CinHaB0 
CsHaaO 

t']0HS80 
CibHsbO 

t:i0H1B.2HaO? 
CibHmO 

94°* 

104— 105° 

85-86°  s 
65-67°  « 

91° 

104—105° 
58°  " 

164° 

(d]B"=0.«80) 
165-166° 

138° 

[o|d=— 28°" 
laevogyrate 

laevogirate 

Led  u  mcain  ph  or s  a. . . . 

Sesqn  i  terpen  hy  d  rate 
from  pepper ,a 

[a]i  =  + 7.88° 
Mo  =  -118°» 

[a],  ro-81° 

Junipereamphor18... 
Ylang-ylang- 

i)  Juurn.  I.  prakt.  Chem.,  II,  55,  p.  26.  >)  Trail  be.  Zeltschr.  I.  KryatalliJKr.,  2 

>)  I.leblR'a  Annalen,  2fi2.  p.  SI :  Jo  urn.  p.  17. 
jrn.Lt.  Chem.,  II,  fl5,  p.  16.  ")  Bertram  A   (lUdemd liter,  Arotalv 

«)  Journ.  I.  prakt.  Them.,  II,  55,  p.  17.  Ptaarm.,  228.  p.  488. 
»)  KORler,  Bericht*.  16.  p.  2811.  i— ")  See  neit  page. 
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Aldehydes. 

Among  the  oxygenated  constituents  of  volatile  oils  characterized  by 
a  strong  odor  are  several  aldehydes.  Of  the  fatty  aldehydes,  acetaldehyde 
is  found  in  the  distillate  of  almost  all  seeds.  Isovalerianic  aldehyde  and 
acetaldehyde  have  also  been  observed  in  the  distillate  of  various 
eucalyptus  oils,  of  cajeput  oil  and  peppermint  oil.  The  aldehyde  of 
oleic  acid  has  been  found  in  orris  oil. 

Of  much  greater  importance,  however,  are  the  so-called  aliphatic 
terpene  aldehydes,  citral,  CioHmO  and  citronellal.  CiuHisO;  and  the 
aromatic  aldehydes,  benzaldebyde  and  cinnamic  aldehyde.  The  former 
are  also  of  special  interest  on  account  of  their  relation  to  important 
alcohols  occuring  in  oils,  the  latter  because  of  the  large  pen-entage 
present  in  some  oilR. 

i'lTBAL. 

C'itral  is  the  only  aldehyde  corresponding  to  the  formula  CmHioO. 
which  has  so  far  been  isolated  from  volatile  oils.  On  account  of  it« 
close  relation  to  geranial,  being  its  first  oxidation  product,  it  is  also 
called  geranial.  It  occurs  quite  frequently  in  nature.  It  was  first20  found 
in  the  oil  of  I1uckhouniii-  citriodora  and  as  it  proved  to  be  identical  with 
the  constituent  to  which  lemon  oil  owes  its  odor,  it  was  called  citral.  In 
larger  quantity  (711— 80  percent)  it  is  contained  in  lemougraws  oil  and 
occurs  further  in  orange  oil.  mandarin  and  cedron  oils,  in  West  Indian 
limette  oil.  in  the  oils  of  verbena,  balm,  bay.  pimenta,  Japanese  pepper, 
sassafras  leaven  and  of  Euculyptim  Htiiigeriann. 

From  all  these  oils  citral  can  be  isolated  by  means  of  the  crystalline 
bisulphite  double  compound  (see  later),  which,  after  previous  purification 
by  washing  with  alcohol  and  ether,  yields  citral  in  a  pure  state  by 
decomposing  it  with  alkali  carbonate. 


i)  LSurlcht  von  8.  &  Co.,  Oct.  1801,  p. 

ii 

HJelt,  Berlchte    28.  p.  8087. 

:    Rerkenhelm,    Chem.    Central  til..     04  =  , 

Wallach.    Lleblg'a    Annalen.    279 

986. 

|l.   B!I4 

»)  Bericbt    Ton  S.   *  Co..    (let,    1897. 

Montgolfler,  Compt.  rend.,  84,p.8!l. 

12.     Footnote. 

Pelnemann.  Archlv  d.  Pharm..  284, 

*)  Walter,  Lteblg'e  Annalen,  89.  p.  247; 

p.  241 

.  p.  as. 

Observations  made  In  the  labora- 

m,  Schaer  &  Wvoa,   Archlv  d.  ['harm., 

1  Schimme!  A  Co. 

6,  p.  816:    Wlnckler,   IJebbTs  Annalen, 

Berlcht  von   8.   *  Co.,  Oct.   180.1 

p.  49. 

11)  Schmidt,  Berichte,  10,  p.  189, 

Ibidem,  April  1896.  p.  62. 

«)  Berlcht  von  S.  *  Co.,  April  1892,  p. 

For  the  history  of  citral  see  Tle- 

:  W  attach.  IJeblgV  Annalen,  270,  p.  8B6. 

man  a 

llerlchte,  81,  p.  827S. 
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Artificially,  citral  is  obtained  with  a  yield  of  20 — 40  percent  by  the 
oxidation  of  /^ranio!  with  chromic  acid  mixture  (Tiemann.1  1898). 
The  tertiary  alcohol  linalool  also  yields  the  same  oxidation  product, 
since  u  transformation  of  the  linalool  to  gemniol  first  takes  place  by 
the  action  of  the  acid  oxidizing  agent.  In  a  purely  synthetical  way 
citral  has  been  obtained  by  the  distillation  of  a  mixture  of  calcium 
gereniate  and  calcium  formate  (Tiemann,2  1898). 

Citral  is  a  mobile,  slightly  yellowish,  optically  inactive  oil  of  a 
penetrating  lemon  odor,  which  boils  at  228—229°  under  atmospheric 
pressure,  not.  entirely  without  decomposition.  Its  properties  were  given 
by  Tiemann  and  Semmler8  in  1893  as  follows: 

B.  p.  110—112°  at  12  mm.;  117—119°  at  20  mm.;  120—122°  at 
23  mm.;  di5=  =  0.8972 ;  da8°=0.8844;  nDis°  =  l.-i931;  nDs3°  =  1.18611. 

Observations  made  in  the  laboratory  of  Hchimmel  &  Co.  on  an 
aldehyde  carefully  purified  by  menus  of  the  bisulphite  compound  gave 
the  following  results : 

B.  p.  110—111°  at  12  mm.;  diB°=O.H93;  uDit°=1.+901."*. 

As  diolefinic  aldehyde,  citral  takes  up  2  molecules  of  bromine,  but 
yields  with  it  no  solid  compound.  Toward  acids  and  acid  agents  it 
is  very  sensitive  and  is  greatly  changed  by  them.  Dilute  sulphuric  acid 
and  potassium  bi  sulphate  act  very  energetically  with  abstraction  of 
water  and  formation  of  cymene.  Alkalies  also  act  on  citral.  When 
boiled  with  potassium  carbonate  solution  it  is  split  up  into  acetaldeliyde 
and  methylheptenone  OsHnO  (Verley,*  1897;  Tiemann,"  189!)).  This 
ketone  also  accompanies  citral.  e.  g.  in  lemongrass  oil.  and  is  also 
formed  from  it  by  gentle  oxidation. 

Citral  shows  all  the  properties  of  an  aldehyde;  thus  it  is  changed 
by  reduction  to  geraniol  (Tiemann,0  1898)  and  reacts  with  the  well- 
known  aldehyde  reagents.  It  shows  a  peculiar  behavior  toward  sodium 
bisulphite  solution  (Tiemann  and  Semmler,7  1893;  Tiemann,"  1898). 
If  the  solution  does  not  contain  too  great  an  amount  of  free 
sulphurous  acid,  there  separates  upon  shaking  at  a  low  temperature  the 
difficultly  soluble,  normal  crystallized  double  compound  CbHib.CH(OH)- 
SOaNa,  which  cannot  be  quantitatively  split  up  by  sodium  carbonate  or 
caustic  soda.  If  the  crystallized  compound  be  allowed  to  stand  with  an 
excess  of  bisulphite  solution  at  a   moderate  heat,  it  will  again  be  dis- 

1)  Berlchte.  81,  p.  HB11.  °)  Berlchte,  S3,  p.  107. 

»)  Berlcbte,  81.  p.  SS7.  «>  Berlchte,  81.  p.  828. 

s>  Hericliti',  20,  p.  270(1.  '}  Bertchte,  26,  p.  2710. 

*l  Bull.  Sue.  ctalm..  Ill,  IT,  |>.  ITS                   *1  Berichte,  81.  p.  8810. 
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solved  with  the  formation  of  a  dihydrosulphonic  acid  derivative  of  citral, 
O9H17.  (80sNa)s.GH0,  which  no  longer  regenerates  citral  with  alkali 
carbonate,  but  does  bo  with  caustic  alkali.  If  the  temperature  rises  too 
high  during  the  solution  of  the  crystallized  compound,  caustic  alkali 
also  fails  to  separate  citral  from  the  liquid,  a  sodium  salt  of  a  dihydro- 
sulphonic acid  derivative  which  cannot  be  split  up,  having  been  formed. 
This  compound  is  likewise  formed,  citral  being  simultaneously  regenerated 
in  part,  when  the  normal  bisulphite  compound  is  suspended  in  water 
and  treated  for  some  time  with  water  vapor  until  it  is  dissolved.  If 
tlie  solution  of  the  citral-di hydros ulplion ate  of  sodium  is  shaken  with 
citral,  this  is  taken  up  and  the  disulphonate  is  changed  to  citral- 
hydroxymonosnlphonate  of  sodium  which  is  readily  decomposed  by 
alkalies. 

The  compounds  of  citral  with  hydroxy  lain  ine.  phenyl  hydrazine  and 
ammonia,  are  all  liquid  and  therefore  cannot  be  used  for  the  character- 
ization of  citrnl.  The  oxime  is  changed  to  the  nitrile  of  geranic  acid 
by  splitting  off  water  with  aietic  acid  anhydride.  With  semicarbazide. 
several  well  rrystalliznble  semicarbazones  (Wallaeh.1  1H95;  Tiemann 
and  Semmler,8  1H9."V;  Tiemann,8  189S)  are  produced,  which  under  certain 
conditions  can  be  resolved  into  compounds  of  a  definite  melting  point 
164°  and  171°,  and  may  therefore  be  used  for  the  identification  of  citral 
(Tiemann*  189N). 

When  oxidized  with  mild  oxidizing  agents,  e.  g.  silver  oxide  in 
ammoniacal  solution,  liquid  geranic  acid  is  formed  (Senimler.H  1890-'ftl), 
which  has  an  odor  similar  to  that  of  the  higher  fatty  acids.  Upon 
energetic  oxidation  with  chromic  acid  mixture  methyl heptenone  results 
(Tiemann  and  Semmler.8  1N93).  which  on  further  oxidation  with 
potassium  permanganate  and  chromic  acid  mixture  is  decomposed  to 
acetone  and  laevulinic  acid.7  In  harmony  with  these  results  citral  is 
regarded  ne  dimethyl-2,rt-octadiene-2.G-al-H. 

CHB.ClCHa):CH.CHa.CH2.C(CHa):CH.CHO. 
This  formula  corresponds  with  that  of  geraniol  and  agrees  well  with  the 
reactions  of  citral. 

It  is  worth  mentioning,  that  by  condensation  with  acetone,  citral 
yields  a  ketone  OigHanO,  pseudoionone.  which  wheti  heated  with  dilute 
sulphuric  acid  is  converted  into  ionone,  a  compound  isomeric  with  the 

i)  Berlchte,  28,  p.  11*57.  'i  Berichte,  28,  p.  85B0:   24,  p.  203. 

>)  Berlchte,  H8,  p.  2188.  ■)  Berlchte,  36.  p.  2718. 

>)  Berlchte,  SI,  pp.  831,  2815.  »)  Ibidem,  p.  2123. 
*)  Berlchte,  81,  p.  8881. 
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irone  of  orris  oil,  and  which  like  the  hitter  has  the  odor  of  violetn 
(Tiemann  and  Krueger,i  1893). 

Inasmuch  as  citral  possesses  a  penetrating  odor,  this  in  itself 
attracts  attention  to  its  presence  in  volatile  oils.  For  more  positive 
proof  the  separation  of  the  aldehyde  by  its  bisulphite  compound  is 
tried.  The  regenerated  citral  is  converted  by  condensation  with  pyro- 
tartaric  acid  and  ,i-naphthylamine  into  the  n-citryl-;?-naplithocinchoninic 
acid  discovered  by  Doebner*  in  1N94  who  directs  this  characteristic 
compound  to  be  prepared  as  follows : 

20  g.  °f  pyro tartaric  acid  and  20  g.  of  citral  (or  the  oil  in  question)  an* 
dissolved  iu  absolute  alcohol,  to  this  solution  20  g.  of  ,?-naphthy famine,  likewise 
dissolved  in  absolute  alcohol,  are  added  and  the  mixture  boiled  with  a  reflux 
condenser  for  about  8  hours  on  a  water  bath.  'After  cooling,  the  citrylnaplitho- 
cinclioninic  acid  which  has  separated  in  a  crystalline  state  is  filtered  off  and 
purified  by  washing  with  ether,  ff  the  acid  is  too  impure  it  is  dissolved  in 
ammonia  find  separated  from  the  filtered  solution  by  neutralizing  with  acetic 
acid.  The  pure  compound  thus  obtained  crystallizes  from  alcohol  in  yellow 
leaflets.  According  to  Doebner*  it  melts  at  197°,  but  the  melting  point  will 
generally  be  fonud  at  200°  or  slightly  above. 

In  the  preparation  of  the  nap hthocini  lion inic  acid  it  must  be  re- 
membered that  with  a  small  citral  content  a-methyl-,3-uaphthocinehoninie 
acid  is  formed,  due  to  the  decojn  position  of  a  part  of  the  pyrotartarii- 
acid  used.  This  compound  does  not  melt  until  31(1°  and  is  mors  diffi- 
cultly soluble  in  alcohol  than  the  eitrylnaphthorinclioninic  acid.  It 
therefore  remains  in  the  residue  when  the  crude  nap  hthociuchon  inic  acid 
is  exhausted  with  hot  alcohol. 

Further  it  must  be  remembered  that  when  other  aldehydes  are 
present  with  citral  the  naphtliocinchoninic  acids  resulting  from  these  are 
formed  at  the  same  time.  Thus  Doebner  found  in  fractions  of  lemon  oil 
besides  the  citryl -com pound  also  eitronellyl->nuphthocinehoninic  acid 
(m.  p.  225°). 

('itral-seniicarbaaone.  m.  p.  164°,  is  prepared  in  the  following 
manner : 

To  a  solution  of  i  parts  of  scmicarbazide  chlorhydrate  in  a  little  water  a 
solution  of  6  parts  of  citral  (or  of  the  fraction  to  be  tested)  in  30  parts  of 
glacial  acetic  acid  is  added.  After  a  short  time  considerable  quantities  of  a 
semicnrbnzone  separate  in  needles,  which  after  two  or  three  njcrystaHizations 
from  methyl  alcohol  have  the  constant  melting  point  oi  104°.  From  the  mother 
liquid  Altered  from  this  semicarbazone  the  compound  melting  at  171°  can  be 
obtained  {Tiemann,*  1898— '00). 

»1  Loc.  clt. ;  Berichte,  81.  p.  1888;  comp. 
:ileo  Berkhte,  81.  pp.  8197  &  882T. 

*)  IHi.-ri.-htc  81.  p.  8831 :  and  83.  p.  IIS. 
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A  well  crystallized  derivative  of  citral,  wMth  in  equally  well  suited 
for  detection  as  for  the  approximate  quantitative  determination,  is  the 
citralidenecyanaretic  acid  C»Hib-CH:0(CN).COOH  melting  at  122°,  and 
produced  by  the  condensation  of  citral  with  cyanacetic  acid  in  the 
following  manner: 

Two  mol.  of  sodinm  hydroxide  (a*  SO  percent  soda  solution)  and  one  mol. 
of  citral  are  added  to  a  solution  of  oue  mol.  of  cyanacetic  acid  in  about  three 
times  as  much  water.  When  pure,  the  citral  dissolve*  completely  on  shaking. 
From  the  clear  eolation — purified  if  decennary  by  extracting  with  ether— acids 
separate  the  citral i  den  cyan  acetic  acid  in  a  crystalline  form  or  aw  an  oil  which 
soon  solidifies.  By  dissolving  in  bensol  and  precipitating  with  ligroin  it  can  be 
obtained  in  compact  yellow  crystals  (Tiemann.1  1898). 

Citral  likewise  forms  a  solid  condensation  product  with  acetyl 
acetone. 

It  is  obtained  when  15.2  g.  of  citral  are  condensed  with  20  g.  of  acetyl- 
acetone  at  room  temperature  with  the  aid  of  10  drops  of  piperidine.  After 
standing  for  three  days  the  entire  mixture  congeals  to  a  solid  mass  of  crystals, 
from  which,  by  recrystul  ligation  from  a  mixture  of  alcohol,  ether  and  ligroiu, 
the  ci tralidenebisacety I ncf tone  is  obtained  in  light  yellow  warts  melting  at 
46—48°  (K.  Wedemeyer.*  1897). 

Tiemann8  recommended  to  determine  the  presence  of  citral  by  con- 
denning  it  with  acetone  to  pseud  oionone  and  identifying  this  by  its 
aemicarbazone.  This  method,  however,  is  more  troublesome  than  the 
preparation  of  the  cit  rylnaph  toe  inch  oninic  acid,  so  that  the  latter  will 
undoubtedly  be  prefer  red  as  a  means  of  identification. 

The  ion  one  controversy  ban  caused  an  an  usual  activity  in  the  chemical  study 
of  citral  during  the  year  1899.  The  results  are  of  such  a  nature  that  it  is 
impracticable  to  incorporate  them  into  a  work  of  this  kind  at  least  at  present. 
Not  only  do  different  investigators  interpret  the  same  results  differently,  but 
different  investigators  obtained  different  results  in  what  is  supposed  to  be  the 
same  experiment.  Furthermore,  on«  and  the  same  investigator  has  found  it 
neceseury  to.  correct  his  own  statements  within  a  few  months,  ft  is  necessary, 
therefore,  not  only  to  question  the  arguments  made  in  the  excitement  of  a 
controversy,  but  at  times  the  experiments  aa  well.  For  the  benefit  of  those 
who  desire  to  go  into  the  details  of  the  subject  the  following  bibliography 
for  1899  is  herewith  appended. 
Bovvbal'I.t:  Isomeric  aldehydes  from  lemon  grass  oils.4 

Nature  of  isomerism  of  the  two  lemonals.8 
Barrier:   Lemoiial  from  the  essential  oil  of  Lipji'm  ritrirulora* 
Comic:  Citral  in  pure  oil  of  lemon.' 

1)    BtTifhto.   HI,  p.  882S,  *)    Bull.  Hoc.   Chim..    IRJ,   31,  p.   4  1!). 

»}  Uetwr  Cnademiatlouen  mittolst  aro-  >)  Ibidem,  p.  928. 

tutlacber   Buen    u.    a.    w.  Inane.    I)Lk*.  «)  Bull.  Soc  Chlin.,  [Ml,  21,  p.  OB!.. 

HelileHxTR.  p.  24.  T)  4'.  «  n.,  H4-.  p.  lifiO, 

>)   Hertcbtc.  81,  ]i.  S22. 
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Ki-ATiu :   Essential  oils  of  lemon-grass  and  citronella.1 

Fi.atav  &  Labok:   Method  for  separation  o!  citronellal  and  citral." 

Larm:  On  lemongrass  oil." 

A  polyineride  of  citral.* 

On  barium  acid  sulphite  addition  products  of  citral  and  citrouella!.8 

Stikbi.  :   Three  lemongrass  aldehydes." 

Tirmavn-;  On  tile  action  of  alkaline  and  acid  reagents  on  citral.7 

On  the  behavior  of  citral  purified  according  to  different  methods  toward 

semicarbazide.8 
On  the  hydroxysulphonates  of  cimiumic  aldehyde,  citron  el)  al  and  citral.* 
On  the  separation  of  citral  from  citronellal  and  methyl  heptenone.10 
On  the  three  lemongrass  aldehydes  of  Mr.  W.  Stiehl.11 
On  natural  citral  and  the  composition  of  oil  of  lemon  grass.13 
A  number  of  these  articles  by   the   late   Professor  Tiemann    have    been 

published  in  book  form. 

Vb-.ki.ey:   Action  of  acids  on  citral. ,a 

Condensation  of  citral  with  cyan  acetic  acid.1* 
Compensation  of  citral  with  malouic  acid.18 
The  report  of  Professor  v.  Baeyer  as  expert  in   the  ionone  proceedings  has 

been  published  by  A.  W.  Schade  of  Berlin. 

OlTKOXELLAL. 

The  second  aliphatic  aldehyde  with  ten  carlwu  atoms  found  in 
volatile  oils  is  citronellal  CmHisO,  which  occasionally  occurs  accompany- 
ing citral,  The  dihydroderivative  of  which  it  appeaxa  to  be.  Citronellal 
is  distinguished  front  citral  by  being  optically  active,  but  has  up  to  the 
present  been  found  only  in  the  dextrogyrate  modification.  It  is  probable 
that  citronellal  with  a  low  rotatory  power  is  a  mixture  of  both  optically 
active  nmdiflctitions.  d-Citronellal  is  found  in  citronella  oil  and  in  the 
oil  of  Eucalyptus  macal&ta  vnr.  citiiodoru.  Its  presence  has  also  been 
shown  in  the  oil  of  Euc&lyptua  deulbntu,  in  balm  oil.  and  besides  citral, 
in  lemon  oil.  Whether  it  is  contained  in  mandarin  oil  has  not  Iwen 
definitely  determined. 

The  isolation  of  this  aldehyde  from  the  oils  rich  in  citronellal 
(citronella  oil,  oil  of  Eucalyptus  mnculatu)  offers  no  difficulty,  since 
citronellal  inn  be  readily  separated  in  the  form  of  its  crystalline 
bisulphite  compound.     As  citronellal  is  very  sensitive  to  acids,  as  well 

i)  Bull.  Sue.  Chlm.  (»].  Ml,  p.  l,".S.  «)  Bull.  Soc.  Chlm.  [8].  21,  |i.  1SM1. 

">  Chem.  I'entrbl.,  7<h,  p.  10H4.  ■«     - 

»i  Hull.  Soc.  Chlm.  [8],  SI.  p.  77.  " 

<)  IbKlem.  p.  407.  " 


\  na,  p. 

si -J. 

p.   ti21. 

i>.  wan. 

r.  Chlm. 

[»]. 
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p. 
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as  to  alkalies,  alkali  carbonate  is  used  for  the  decomposition  of  the 
bisulphite  compound.  Artificially,  citronellal  can  be  obtained  by  the 
oxidation  of  the  primary  alcohol  citronellol  CioHauO,  but  the  yield  in 
this  carte  ia  still  smaller  than  when  geraniol  is  oxidized  to  citral.  In 
this  manner  the  laevogyrute  modification  which  has  so  far  not  been 
found  in  nature  lias  been  prepared  from  the  l-citronellol  of  ruse  oil. 

By  splitting  the  cycle  of  menthoxime  Wallach1  (18114-  and  1897) 
has  obtained  an  aldehyde  CioHisO.  designated  by  him  as  "Mentho- 
citronellal,"  which  possesses  great  similarity  to  the  naturally  occurring 
eitronelhtl  and  is  probably  identical  with  it. 

Citronellal  boils  under  atmospheric  pressure  at  2l)ii — 208°,  under 
15  mm.  pressure  at  1(1-1 — li)"i°;  its  specific  gravity  was  found  at  17. 5° 
to  be  0.8.">yH;  the  index  of  refraction  ni,=1.44Hl  (Tiemann  and 
Schmidt,3  1890).  The  optical  rotation  [<■]■■  was  found  by  Kramers" 
(1882)  to  l>e  +  8.18°.  Recently,  however.  Tiemann  and  Schmidt3  have 
found  [«]d=  +  12°H0'  for  a  preparation  regenerated  from  the  bisulphite 
compound. 

Citronellal  haw  but  one  double  bond.  When  reduced  with  sodium 
amalgam  in  alcoholic  solution,  lieing  constantly  kept  slightly  acid  by 
the  addition  of  acetic  acid,  it  is  converted  into  the  primary  alcohol 
citronellol  ('ioHshO  (Tiemann  and  Schmidt4).  Upon  careful  oxidation 
with  silver  oxide  the  corresponding  oily  citronellic  acid  doHisOa  is 
produced  (8emmler.s  1801  and  189-J).  Like  citral.  citronellal  is  very 
sensitive  toward  alkalies  and  acids;  but  while  citral,  when  treated 
with  alkali,  is  split  up  into  acetaldehyde  and  methyllieptenoiie.  citronellal 
is  completely  resinified.  In  contact  with  acids  cyinene  is  formed  from 
citral,  by  splitting  off  water.  Citronellal,  however,  is  converted  into  the 
isopulegol  (Tiemann  and  Schmidt,'  18St«— T!)7).  This  is 
c  with  the  alcohol  pulegol  CioHjgO,  resulting  upon  reduction  o' 
pulegoue,  and  yields  when  oxidized  a  ketone  CioHmO.  which  can  lie 
inverted  to  natural  pulegone.  For  corrected  physical  constants  of  pule- 
goue and  isopulegone  the  more  recent  work  of  Harries  and  Roeder7 
should  be  consulted.  Whether  isopulegol,  which  has  been  found  iu 
commercial  citronellal  by  Tiemann8  occurs  in  the  natural  oils  from 
which  citronellal  is  obtained  or  whether  it  in  formed  upon  standing  has 
not    yet    been    determined.      LabW8    is    of    the    opinion    that    whereas 

H  UeblE'n  Aanalen,  27H,  p.  HI  7;  296,  p.  181.  «j   Berlchte.  20,  p.  Ml. 'I;  all.  p.  22. 

a)  Berlchte,  20.  p.  005.  ')  Berlchte,  82,  p.  8857. 

')  Amor.  Chem.  Journ..  14,  p.  308.  »)  Berlchte,  82,  p.  S2.1. 

+>  Loc.  clt.,  p.  008.  »)  Bull.  Hoc    Chlm.  CSJ.  21.  p.  1Q2H. 

si   Berlchte,  24.  p.  20S:   211,  p.  2250. 
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citronellal  when  mixed  with  terpenes  and  terpene  alcohols  is  relatively 
stable,  when  pure  it  is  easily  converted  into  its  isomeric  cyclic  com- 
pounds. 

Toward  sodium  bisulphite  citronellal  behaves  much  as  does  citral. 
Besides  the  crystallized  normal  addition  product  with  one  molecule  of 
NaHBOg,  in  which  the  bisulphite  has  added  itself  to  the  aldehyde  group, 
it  also  yields  hydros  ulphonic  acid  derivatives  with  one  or  two  molecules 
of  NaHSOs.  The  addition  may  take  place  at  the  double  bond  only,  or 
at  both  the  double  bond  and  the  carbonyl  group  (Tiemann,1  189H). 
With  hydroxylamine  citronellal  forms  a  liquid  oxime,  which  by  the 
abstraction  of  water  is  converted  into  the  nitrile  of  citronellie  acid 
(8emmler,a  1898),  The  semicarbazone  resulting  with  semicarbazide  is, 
so  far  as  present  olwervations  show,  a  single  substance,  and  is  well 
suited  for  the  identification  of  citronellal.  It  separates  quantitatively 
when  an  alcoholic  solution  containing;  the  aldehyde  is  shaken  with  a 
solution  of  semicarbazide  chlorhydrate  and  sodium  acetate.  The  crude 
compound,  by  recrystallization  from  chloroform  and  ligroin  is  obtained 
in  white  leaflets,  melting;  at  84°  (Tiemann  and  Schmidt,8  1807), 

By  energetic  oxidation  citronellal  yields  the  same  products  as 
citronellol,  i.  e.,  acetone  and  ,*-methyladipinic  acid  (Tiemann  and 
Schmidt,*  18!>t>).  Corresponding;  to  citronellol  the  aldehyde  is  to  be 
regarded  as  dimethyl-2,f>-octene-2-al-8  CHB  .  <'(0Ha)  :  f  H  .  CHa  .  0H2  . 
CH(CH8>  -  CHa  .  CHO  (T.  &  S*). 

Like  citral,  citronellal  reacts  with  pyrotartaric  acid  and  ,J-naphthyl- 
amine  yielding  'i-citronellyl-,3-nnphthocinclioninic  acid  (Ditebner,*  18i)4| 
which  can  be  used  for  its  detection,  ft  is  prepared  like  the  citral 
compound.  The  crude  naphthocinchoninic  acid  is  recrystallized  from 
alcohol  containing  hydrochloric  acid,  the  hydrochloride  obtained  is 
dissolved  in  ammonia  and  the  ammonium  salt  decomposed  by  acetic 
acid.  The  compound  so  purified  crystallizes  from  dilute  alcohol  in 
colorless  needles,  and  melts  at  22">°.  By  heating;  it  above  its  melting 
point  it  splits  off  carlxm  dioxide  and  is  converted  into  citronellyl-  3- 
naphthochinoline,  a  base  crystallizing  from  dilute  alcohol  or  ligroin  in 
needles  of  satin-like  lustre  melting  at  ,".'(°. 

(litronella!  can  be  identified  by  the  semicarbazone  (see  above)  more 
rapidly  than  by  the  naphthocinchoninic  acid. 

M  Tlertthte,  HI,  p.  S805.  *>  Berlchte.  :!!*,  p.  SOS. 

»)  Berlchte,  2<i.  p.  :J2r>n.  °1  Ibidem,  p.  IH8. 

«l  lterlrhte.  80.  |>.  H4:   81,  p.  »Wi~.  »1  Hertchte.  27.  p.  2025. 
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Of  aldehyde*  with  cyclic  structure 

FURFUROL  C4H4O 

should  first  be  mentioned,  the  occurrence  of  which  in  oil  of  cloven  and 
oil  of  clove  stems  has  been  observed.  Its  formation  is  probably  due  to 
the  decomposition  of  a  carbohydrate-like  compound.  Inasmuch  as  it 
possesses  the  -property  of  gradually  becoming  darker  in  color  it  is 
surmised  that  the  darker  color  acquired  by  some  oils  upon  standing 
is  due  to  the  presence  of  this  substance.  Furfurol  has  recently  been 
also  found  in  the  oil  from  musk  seed1  and  that  of  caraway  seed.2  It  is 
identified  by  means  of  its  hydrazone  and  by  the  color  reactions  it 
produces  with  aniline  and  p-toluidine. 

The  following  carboeyclic  aldehydes  have  been  found: 
Benzaldehyde  I'aHs.CHO 
in  the  oils  of  bitter  almond,  cherry  laurel,  wild  cherry  hark  and  of  Indigo 
/era  galegoides.     It  possibly  also  occurs  in  the  oil  of  cinnamon  leaves. 

Salicylic  aldehyde  CqH*  .  OHM .  CHOW 
(o-oxy  benzaldehyde)  in  spirea  oil  from  Spiraea  ulmari/i,  Sp.  filipenduia, 
Sp.  digitatn,  Sp.  lobatn,  and  in  the  oil  of  Crepis  foetida. 

Anisic  aldehyde  CflH4.OOHaW.CHOt') 
(p-oxy  benzaldehyde- metliylether)  in  old  anise  and  fennel  oils,  in  which 
it%is  formed  by  the  oxydation  of  anethol. 

Cuminic  aldehyde  CH4  -  CBHTt«) .  CHOni 
(p-iso  propyl  benzaldehyde)   in  cumin  oil,  in  the  oil  of  Cicuta  virosa,  also 
in  various  eucalyptus  oils  (E.  baemastoina,  odorata,  oleosa,  populifera) . 

Vanillin 
(m-methoxy-p-oxybenzaldehyde)  CoHfl.  OHM.  OCHs(»).  CHOC)  and 

Heliotropin 
(protocatechuic  aldehyde  methylene  ether)  C8H«  .  OOCH2»>) .  CHOP]  in 
spirea  oil. 

Cinnamic  aldehyde  CoHs.CHiCH.CHO 
in  cassia  oil,  Ceylon  cinnamon  oil,  the  oil  of  cinnamon  leaves  and  roots, 
also  in  the  oil  of  Cinnantomum  ioureirii. 

O-CUMARIC  ALDEHYDE  METHYLETHER 

(o-methoxycinnamic  aldehyde)  C6H«  ,  0CH8[»1 .  CH  :  CH  .  CHOP)  in  cas- 
sia oil. 

"}  Berlcht  8.  A  Co.,  Oct.  1899,  p.  88.  »)  Ibidem,  p.  82. 
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Ketones. 

The  aliphatic  ketones  are  represented  in  volatile  oils  by  a  few 
members  only.  Of  the  saturated  ketones  only  acetone  CHs.CO.CHs, 
methyl  aniyl  ketone  CHa.CO.CeHn  and  methyl  nonyl  ketone  CH«.CO. 
CnHie;  of  the  unsaturated  only  methyl  heptenone  CgHi40  has  been 
found.  In  the  distillate,  especially  of  leaves,  acetone  has  frequently  been 
observed  together  with  methyl  alcohol,  e.  g.  in  that  of  patchouli,  coca. 
and  tea  leaves.  To  what  reaction  this  ketone  owes  its  origin  is  not  known. 
Methyl  amy]  ketone  is  contained  in  the  low-boiling  fractions  of  clove 
oil  and  imparts  to  it  a  pleasant  odor.  Methyl  nonyl  ketone  is  the 
principal  constituent  of  oil  of  rue  and  separates  from  this  upon  cooling 
(m.  p.  15°),  and  can  also  be  readily  separated  by  shaking  with 
bisulphite  solution. 

Methyl  heptenone. 

Of  greater  interest  than  the  saturated  ketones  named  is  the 
unsaturated  methyl  heptenone  CsHi40,  which  occurs  aM  a  constituent 
of  some  volatile  oils  and  is  also  obtained  as  a  decomposition  product 
of  related  compounds.  Accompanying  the  bodies  closely  related  to  it, 
linalool,  geraniol  and  citral,  it  occurs  in  Hgnaloe.  citronella  and  lemon- 
grass  oils.  It  evidently  owes  its  existence  to  the  decomposition  of  these 
compounds,  which  can  also  be  brought  about  artificially  by  mild 
oxidation.  It  can  be  easily  isolated  by  mean 8  of  it*  bisulphite  addition 
product  from  the  fraction  160—180°  of  the  oils  named. 

As  a  product  of  decomposition  it  was  .first  observed  by  Wallach 
(18!>0)  in  the  dry  distillation  of  cineolic  acid  anhydride.1  It  was  also 
obtained  as  a  saponification  product  of  geranic  acid  nitrite  (Tiemann 
&  Seinmler,*  1898)  and  as  oxidation  product  of  citral8  and  finally  by 
the  splitting  up  of  the  latter  with  alkalies  (Verley,*  1897),  Synthetically, 
it  has  been  prepared  from  amylene  bromide  and  acetyl  acetone  (Barbier 
&,  Bouveanlt,6  189(i)  also  from  the  iodide  of  acetopropyl  alcohol,  acetone 
and  zinc  dust  (Verley, fl  1897). 

It  is  a  colorless,  mobile,  optically  inactive  liquid,  with  a  penetrating 
ainyl  acetate-like  odor.  The  physical  constants,  as  given,  do  not  wholly 
agree.  Wallach1,  (1H90)  found  for  the  ketone  formed  from  cineolic  acid 
anhydride : 

')  Llfblg'a  Annalcn,  258,  p.  82».  ')  [tempt,  rend.,  122,  p.  1422. 

»)  Berlchte,  2«,  p.  2721.  •)  Bull.  Hoc.  culm.  Ill,  IT,  p.  191. 

•  )  Ibidem,  p.  2719.  r)  Lleblga  Annalen.  235,  p.  82B. 
»)  Bull.  Soc.  chlm.  Ill,  17.  p.  175 
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B.  p.  173—174°;  daw -=  0.858 ;  n„  =  1.44008. 

Tiemann  and  Kriiger1  (1805)  determined  for  natural  methyl  heptenone : 

B.  p.  17(>— 171°;  dw  — 0.8499;  nD  =  1.4380: 
«nd  Verley3  (1897)  reports  tor  a  preparation  obtained  by  uplifting  up 
eitrat : 

B.  p.  108°:  84°  at  5(1  mm.:  di*>  =  0.910  (!):  iidsi-  =  1-437, 
According  to  observations  made  in  the  laboratory  ol  Schimmel  &  Go. 
methyl  heptenone.   whieh   had   been   isolated   from   lemongraas  oil  and 
regenerated  from  the  bisulphite  compound  shows: 

B.  p.  170—171°  (758  mm);  di0o  =  0.8."i8;  nDin»  =  1. 44888 
anil  a  preparation  made  from  citral  by  hoiling  with  potassium  carbonate 
solution : 

B.  p.  173-174°;  dla°  =  0.86;>6. 
Upon  reduction  with  sodium  in  alcoholic  solution  methyl  heptenone 
is  redueed'to  the  secondary  alcohol,  methyl  heptenol  (Wallach.8  1893), 
which  is  obtained  as  decomposition  product  of  geraniol,  also  by  the 
saponification  of  geranic  acid  nitrile.  It  combines  with  bisulphites  to 
form  crystalline  addition  products;  with  hydroxy! amine  and  phenyl- 
hydrazine  to  form  liquid  condensation  products  and  with  semicarbazide 
to  form  a  crystallized  semicarbazone.  which  can  l>e  used  for  identification. 
Upon  oxidation,  methyl  heptenone  decomposes  in  correspondence  with 
the  formula 

CHa .  0(CHs)  i  CH .  CHa .  CHa .  CO .  CH8 
(metnyl-2-hept<>ne-2-one-G)    into   acetone    and    laevulinic    acid    CsHsOg 
(Tiemann  and  Semmler,*  1895).    Dehydrating  agents,  like  zinc  chloride, 
etc..  convert  it  into  dihydro-m-xylene  CgHia  (Wallach,5  1890), 

Methyl  heptenone  is  easily  recognised  by  its  characteristic  amyl 
acetate-like  odor.  For  purposes  of  identification  it  is  converted  into  the 
semicarbazone,  which,  like  the  corresponding  citral  compound  appears 
to  be  a  mixture  of  isomers,  but  is  nevertheless  obtained  of  a  constant 
melting  point  when  it  is  prepared  according  to  the  directions  given  by 
Tiemann  and  Kriiger8  (1895): 

A  nutation  of  12  g.  of  semicarbazide  hydrochloride  and  15  g  oI  indium 
acetate  in  30  cc.  of  water  is  added  to  a  mixture  of  12  g.  of  methyl  heptenone 
and  30  cc.  of  glacial  acetic  acid  and  allowed  to  stand  for  some  time  {%  hour). 
Upon  the  addition  of  water  the  semicarbazone  separates  as  an  oil  which  soon 
solidifies  and  after  recrystallization  from  dilate  alcohol  incite  at  136—138°. 

■)  Beriehte,  28,  p.  212H.  *)  Beriehte,  28,  p.  219S. 

.   »)  Lew.  dt.,  p.  176.  »)  LiebiK'n  Annalen,  258.  p,  S26. 

*l  Lleblff'"  Annalen.  275,  p.  171.  »)   Beriehte,  28.  p.  2124. 
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A  derivative  which  in  also  well  suited  for  identification  is  obtained 
when  methyl  heptenone  is  treated  with  bromine  in  the  presence  of  soda 
solution  (Tiemann  and  Semmler,1  1883).  Hypobromous  acid  is  added 
and  bromine  is  substituted  with  the  formation  of  the  well  crystallized 
compound  CsHiaBrsO.OH. 

3  g.  of  ketone  are  shaken  with  a  solution  of  3  g.  of  sodium  hydroxide  and 
12  g.  of  bromine  in  100  to  120  cc.  of  water.  The  coinponnd  separating  as  a 
heavy  oil  which  soon  solidifies  is  taken  up  with  other,  the  ethereal  solution 
shakeu  with  dilute  soda  solution  and  the  residue  remaining  after  evaporation 
of  the  ether  is  recrystallized  from  ligroiii,  with  the  addition  of  animal  charcoal. 
The  meltiug  point  of  the  pure  white  compound,  gradually  decomposing  when 
kept,  is  98—99°. 

With  the  exception  of  anisic  ketone  (JoHi.OCHst'l.CHa.CO.CHat1). 
which  is  reported  to  oireur  in  anise  and  fennel  oils,  aromatic  ketones 
have  not  l>een  found  in  volatile  oils.  Hydroaromatic  ketones,  however, 
are  important  constituent**  of  these  oils :  viz.  carvone  CioHi*0,  camphor, 
fenehone,  thujone(tanacctone),  pulegone,  all  having  the  formula  CmHioO, 
menthone  CioHisO,  and  iroue  CisHaoO.  All  of  these  possess  a  character- 
istic odor.  Whereas  iroue  has  been  found  in  orris  oil  only,  to  which  it 
imparts  the  odor  of  violets,  the  other  ketones  occur  more  frequently, 
the  camphor  being  of  most  common  occurence. 

Cabvonb. 

Carvone  occurs  principally  in  its  optically  active  variety  in  volatile 
oils.  The  earlier  supposition  of  Wallach,  that  inactive  carvone  is  con- 
tained in  the  high  boiling  fractions  of  thuja  oil,  has  been  corrected  by 
this  investigator,  who  has  more  recently  shown  that  it  is  not  carvone. 
but  a  hydrocarvone  CioHisO.  which  has  probably  resulted  upon 
rearrangement  from  thujone.  The  dextrogyrate  modification  of  carvone 
is  found  with  d-limonene  in  caraway  and  dill  oils,  the  laevogyrate  in 
sjwarmint  and  kuromoji  oils. 

In  order  to  separate  the  ketone  in  a  pure  state  from  the  respective 
oil,  its  property  to  combine  with  hydrogen  sulphide  to  form  a  crystallized 
compouud  C10H14O.H2S  is  made  use  of. 

A  mixture  of  20  parts  of  the  carvone  fraction,  5  parts  of  alcohol  and  1  part 
of  ammonia  Isp.  gr.  0.961  is  saturated  with  hydrogen  sulphide  when  carvone 
hydroeulphide  separates  out.  This  is  collected  and  rccry stamped  from  methyl 
alcohol  and  then  decomposed  by  treating  witli  alcoholic  potussa.  The  regener- 
ated carvone  is  purified  by  steam  distillation. 
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Aa  an  improvement  Wallach1  suggests  the  following  details  for  the 
preparation  of  1-carvone: 

50  cc.  of  the  carvone  fraction  of  npeiirmint  oil  are  diluted  with  20  cc.  o( 
alcohol  and  the  solution,  kept  cold  with  ice,  is  saturated  with  hydrogen 
sulphide.  Then  sufficient  alcoholic  ammonia,  saturated  at  0°,  is  added 
until  the  liquid  smells  strongly  of  ammonia.  Upon  passing  more  hydrogen 
sulphide  into  the  solution  it  congeals  shortly  to  a  crystalline  mass.  The  same 
process  is  repeated  with  the  mother  liquid.  The  carvone  hydrosnlpliide,  when 
recry stall ised  from  a  mixture  of  three  parts  of  chloroform  and  one  part  of 
alcohol,  melts  at  190°.  For  the  regeneration  of  the  carvone,  50  g.  of  the 
hydroeulpbide  are  digested  with  a  solution  of  SO  g.  of  potassa  in  400  g.  of  water. 
The  oil  is  separated  and  dried  with  fused  potassa  either  directly  or  after 
distillation  with  water  vapor  and  finally  rectified. 

Artificially,  derivatives  of  carvone  have  been  obtained  in  various 
ways.  Thus,  e.  g.  carvoxime  has  been  obtained  from  limonene  or  dipen- 
tene  nitrosochloride  respectively  (Goldsehmidt  and  Ziirrer,8  1885) ;  an 
oxydihydrocarvoxime  from  terpineol  nitrosochloride  (Wallach,8  1896) ; 
earveolmethylether  from  limonene  tetrabromide  and  terpineol  tribromide 
reepectiyely  and  methyl  alcoholic  potassa  (Wallach,*  1894).  Pinene 
nitrosochloride  is  converted  by  hydrochloric  acid  in  etherial  solution 
into  hydrochlorcarvoxtme  (Baeyer,B  1896) ;  and  by  the  decomposition 
ol  phellandrene  nitrite,  hydroderivatives  of  the  carvone  series  result 
(Wallach,"  1895). 

Carvone  is  a  colorless  liquid,  smelling  strongly  of  caraway  and 
solidifying  when  strongly  cooled  (Wallach,7  1889).  Its  physical  properties 
are  given  as  follows: 

ford-carvone:  b.p.224°;  d^  =  0.9598;  [a]ua=  =  +  62.07°  (Beyer,8  1883); 

dao°  =  0.9538;  nHo  =  1.4751  (KanonnikoB,8  1881); 

dno  =  0.9667;  no  — 1,5030  (Gladstone,"  1886); 

d3o°  =  0.9606;   [i]dbo°  =  +  62,65  ('Schreiner,"  1896); 
for  1-carvone:  b.  p.  223—224°;  d^^O.9593;  0]na<>  =  — 62.410.8 

According  to  observations  made  in  the  laboratory  of  Schimmel  & 
Co.,  carvone  boils  at  230°  (mercury  completely  in  the  vapor)  and  haa 
the  specific  gravity  0.964  at  15°, 


>)  IJeblg'a  AnnaieD.  SOS,  p.  334.  ')   Meblg'e  Annalen.  333,  p.  139,  Footnc 

=n  Berlehte.  18,  p.  1733.  »)  Arehlv  d.  Pharm.,  321,  p.  287. 

•}  Lleblg'g  Annalen.  291,  p.  846.  >)  Berlehte,  14,  p.  1699. 

•)  Lleblg'e  Annalen.  281,  pp.  137  &  140.  ">)  J&breab.  I.  Chemle,  1886,  p.  298. 

>)  Berlchte,  29,  p.  12.  «)  Pharm.  Review,  14,  p.  76. 

«)  I-LeblK'n  Annalen,  387,  p.  880. 
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Carvone  is  an  unsaturated  ;ketone,  which  forms  with  hydrochloric 
acid  a  liquid  addition  product,  with  hydrobromic  acid  a  aolid  compound, 
melting  at  32°  (Goldschmidt  &  Kisser,1  1887).  By  splitting  off  hydro- 
bromic acid  from  the  latter,  a  ketone  CmHuO  results,  isomeric  with 
carvone  which  hiia  been  termed  eucarvone  by  Baeyer8  (1894).  The 
bodies  reuniting  by  the  action  of  bromine,  viz.  the  tri bromide 
C10H14O.HBr.Bra,  the  t«trabromide  CioHnOBr*  and  the  pentabromide 
CioHiaOBm,  have  been  investigated  by  Wallach8  (1895). 

Carvone  does  not  add  bisulphite,  but  with  hydroxyl amine  yields  a 
well  crystallized  oxime  (Goldschmidt,*  1884)  which,  when  prepared  from 
the  optically  active  ketone,  melts  at  72°.  By  the  union  of  equal 
quantities  of  d-  and  1-carvoxime,  inactive  carvoxime,  melting  at  93° 
results.  Artificially,  these  oximes  are  obtained  by  splitting  off  hydro- 
chloric acid  from  limonene  and  dipentene  nitrosochlorides  (Goldschmidt 
&,  Ziirrer,  1885 ;  Wallach,8  1888).  With  phenyl  hydrazine  carvone  yields 
a  phenyl  hydrazone  melting  at  109—110°  (Baeyer,8  1894);  semicarbazide 
combines  with  d-  and  1-carvone  to  form  carbazones  melting  at  162—163° 
(Baeyer,7  1894).  The  semicarbazone  of  the  inactive  carvone  melts 
lower  than  the  active  compounds,  namely  at  154 — 156°  (Baeyer,8  1895), 
differing  in  this  respect  from  i-carvoxime. 

On  reduction  carvone  behaves  differently  from  other  ketones _ 
Sodium  in  alcoholic  solution  does  not  convert  it,  as  might  he  expected 
into  the  corresponding  alcohol  carveol  CioHiaO,  but  4  atoms  of  hydrogen 
are  taken  up  at  once  with  the  formation  of  dihydrocarveol  (Wallach,* 
1893).  If  the  reduction  is  effected  with  zinc  dust  in  alcoholic  alkaline 
solution,  but  two  atoms  of  hydrogen  are  added,  yet  the  resulting 
compound  is  no  alcohol,  but  a  ketone  CioHieO,  dihydrocarvone  (Wallach 
&  Schrader,10  1894).  Carvone  is  oxidized  by  potassium  permanganate 
to  oxyterpenylic  acid  C9Hi308  (m.p.  190—  192°)  (Best,"  1894;  Wallach," 
1894).  .  From  oxidation  results  which  Tiemann  and  Setnmler  (1895) 
ohtained  with  dihydrocarveol  and  dihydrocarvone,18  they  have  deduced 
the  following  formula  which  had  previously  Iteen  suggested  by  Wagner, 
as  the  most  probablp  onp: 

■  )  Uerlchtt.  20,  pp.  487  &  2071.  I)  Berichtc.  27,  p.  11)28. 

>)  Bprlcbte,  27,  p.  Ml.  a)  Iterichtp,  28,  p.  640. 

»>  LUblg't  Annalen,  286,  p.  110.  »)  Lleblg'a  Aimulen,  275,  p.  110. 

•  )  Berlchte,  17,  p.  1G78.  >«)   UeMg's  Annalen,  H7i),  p.  S77. 

")  BeHchte,    IS,    p.    2220:     Uebte's  «)  Berichta,  27,  p.  121H. 

Annalen,  245,  pp.  256.  20S:  246,  p,  226.  «)  Barlchte,  27,  p.  1405. 

»)  Rnrfehte.  27,  p.  811  :  we  also  "1  Re  rich  te,  28,  p.  214S. 
OoldnchmMt,  Berlehtr  17,  p.  1378. 
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CHa 

Witb  phosphorus  pentachloride  car  v  one  yields  the  dichloride 
CmHuCls  which,  when  heated  with  quinoline  is  converted  into  2-chlor- 
cymene  (Klages  and  Kraith,1  1899). 

Carvone  suffers  a  remarkable  rearrangement  when  it  is  heated  with 
sulphuric  acid,  phosphoric  acid,  phosphorus  oxychloride,  zinc  chloride 
or  alkalies;  it  is  thereby  converted  into  carvacrol,  a  derivative  of 
benzene:  CaH* . CH* n] . OH ra . CsHT M.  With  hydrogen  chloride  the 
change  is  almost  quantitative.  Anhydrous  formic  acid  also  causes 
a  like  change  (Klages2).  A  similar  molecular  rearrangement  takes 
place  with  the  oxime  of  carvone  when  it  is  boiled  with  alcoholic 
sulphuric  acid  or  heated  to  230—240°  with  a  'strong  solution  of 
alkali,  being  changed  to  carvacrylamine  (Wallach,8  1893).  By  adding 
carvoxime  to  concentrated  sulphuric  acid  it  suffers  rearrangement  to 
p-amidothymol  (Wallach,4  1894). 

When  carvone  is  heated  with  ammonium  formate  dihydrocarvylamine 
is  formed  (Leuckart  &  Bach,"*  1887;  Wallach,e  1891);  the  same  com- 
pound results  when  carvoxime  is  reduced  with  sodium  in  alcoholic  solu- 
tion (Wallach,7  1893).  If,  however,  the  reduction  is  carried  on  in 
alcoholic  solution  with  zinc  dust  and  glacial  acetic  acid,  carvylamine 
C10H14NH2  results  in  two  isomeric  forms  (Goldschmidt  &  Kisser,8  1887 ; 
G.  &  Weiss,"  1893;  G.  &  Fisher,"  1897). 

Carvone  has  such  a  characteristic  odor,  that  it  can  be  recognized 
without  difficulty.  If  it  is  to  be  separated  in  a  pure  state  from  fractions 
of  a  volatile  oil  it  is  converted  into  its  hydrogen  sulphide  addition 
product  (see  above).     It  may  be  mentioned  that  this  compound  does 

')  Berlchte,  82,  p.  2330.  «)  Berlchte,  24,  p.  80S*. 

')  Berlchte,  S3,  p.  1016.  T)  LtoWg'a  An  Helen,  275,  p.  119. 

>)  Llebls'n  Annulet),  273,  p.llH;27«,  p.H74.  «)  Berirhte,  20,  p.  48G. 

*)  LleblR'a  Anoalen,  270,  p.  66B.  »)  Berlchte,  26,  p.  2084. 

»)  Berlchte,  20,  p.  11B.  ■«)  Berlchte.  80.  p.  2069. 
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not  melt  at  187°  as  reported  by  Beyer,1  hut  at  210  to  211°  (Claus  * 
Fahrion,"  1889). 

In  order  to  prove  the  presence  of  earvone,  the  simplest  way  is  to 
prepare  the  oxime,  taking  care,  however,  that  not  too  great  an  excess 
of  hydroxyl amine  be  employed,  as  in  this  case  the  oxime  may  add  a 
second  molecule  of  hydroxy  Ian  line  forming  a  compound  CioHnNOH.- 
NHaOH  (m.  p.  174— 175°)  (Wallach  &8chrader,»  1894;  Harries,*  1898). 
If  the  freshly  prepared  oxime  does  not  crystallize  at  once,  it  can  some- 
times be  brought  to  crystallize  by  distilling  it  over  with  steam. 

Camphor. 

In  order  to  distinguish  d-camphor  from  Borneo  camphor  (d-borneol). 
it  is  also  called  Japan  or  laurus  camphor.  Besides  camphor  oil,  it  i» 
obtained  in  large  quantities  by  steam  distillation  from  the  wood  of 
Cinnajnomum  eamphom.  In  smaller  amounts  it  is  contained  in  the  oils 
of  camphor  leaves,  sassafras  leaves,  cinnamon  root,  spike,  rosemary, 
and  in  the  oil  from  basilicum  root  from  Reunion.  1-Camphor  occurs 
only  in  the  oils  of  feverfew  and  tansy.  Like  d-camphor  it  results  upon 
oxidation  of  the  corresponding  borneol  with  nitric  acid. 

Synthetically,  camphor  has  been  obtained  by  the  dry  distillation  of 
the  lead  (Haller,8  1879  and  1896)  or  calcium  (Bredt  &.  Rosenberg,8  1896) 
salt  of  h on ioc amphoric  acid  (Haller's  hydro xycamphocarbonic  arid). 
This  synthesis  is,  however,  only  a  partial  one,  since  up  to  the  present 
homocamphoric  acid  has  been  prepared  only  from  a  derivative  of 
camphor. 

Camphor  forms  a  granular,  crystalline,  colorless,  transparent  mass, 
with  a  great  tendency  to  sublime.  It  is  readily  soluble  in  organic 
solvents  and  has  a  characteristic  odor.  Its  properties,  according  to 
different  observers  are  as  follows :  dis"  =  0.98.13  (determined  on  1-camphor 
by  Chautard7). 

M  p.   176.3—176.5°;    b.  p.  209.1°  at  759  mm.    (mercury  thread  com- 
pletely in  the  vapor)  (Forster,8  1890); 
M.  p.  178.4°;  [>]D  =+41.44°  and—  42.76°  (Haller  •  1887).  —  M.  p.  175°; 
b.  p.  204°  (Landolt."  1877). 

i)  Archlv  d.  Pharm.,  221,  p.  388.  «t  Lleblg'*  Annalen,  289,  p.  5. 

i)  Journ.    I.    prakt.    Cbem.,    II,  B0,  p.   885:  ')  Jahreabericbt  I.  Cbem..  1868, 

Berlcht  von  S.  &  Co.,  April  189B,  p.  30.  p.  550. 

*)  I.ieblg'H  Annalen.  279.  p.  868.  •>  Berlchte.  28,  p.  3988. 

»)  Berlcbte,  81,  pp.  1884,  1810.  »>  Compt.  rend..  10S.  p.  339. 

*)  Contrlb.arftudeducampbre.  Th*se.  Nancy  <o>  Lleblg'n  Annalon,  189,  p.  888. 
1*711,  p.  84;   Bull.  Boc.  chlm..  Ill,  ID.  p.  828. 
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M.  p.  175°;  b.  p.  204°;  [a]D  =  ±44.22°  in  20  percent  alcoholic  solution 
(Beckmann,1  1889). 

Camphor  has  always  been  of  interest  to  chemists  and  the  experi- 
mental material  on  it  has  grown  to  fairly  targe  proportions.  In  harmony 
with  the  purpose  ol  this  work,  only  those  compounds  especially  suited 
lor  its  characterization  will  be  considered. 

According  to  its  chemical  nature  camphor  CioHinO  is  a  ketone, 
which  does  not  combine  with  bisulphites.  Hydroxylamine  reacts  upon 
it  with  the  formation  of  an  oxime,  from  which,  however,  the  pure  ketone 
cannot  be  regenerated,  for  when  treated  with  acids  water  is  split  off 
and  the  nitrile  of  cam pholenic  acid  0»Hi».CN  is  formed. 

If  camphor  oxitne  is  reduced  with  sodium  in  ethyl  or  better  amy! 
alcoholic  solution,  two  isomeric  boruylamines  (m.  p.  163°  and  180°) 
are  formed  (Forster,8  1898).  A  similar  base,  melting  at  159—160°  is 
obtained  by  heating  camphor  with  ammonium  formate  to  220—230° 
(Leuckart  &  Bach,8  1887;  Wallach  &  Griepenkerl,*  1892). 

Upon  reduction  camphor  is  converted  into  the  alcohol  CioHisO, 
borneol.  In  indifferent  solvents  there  is  also  produced  some  isoborneol 
besides  camphor  pinacone  (Beckmann,8  1894  and  '96),  while  in  alcoholic 
solution  a  mixture  of  borneol  and  isoborneol  is  principally  obtained 
(Beckmann,8  1897). 

The  oxidation  with  nitric  ax-id  leads  to  the  dibasic  camphoric  acid 
CioHisO*  (m.  p.  187°)  and  further  to  the  tribasic  camphoronic  acid 
CaHnOs  (m.  p.  139").  From  the  constitution  of  the  decomposition 
product*  of  these  acids  many  conclusions  have  been  drawn,  as  to  the 
constitution  of  camphor.  Of  the  many  formulas  suggested  for  this 
ketone,  that  of  Bredt7  (1893) 

CHt  —  CH  —  CHi 

ICHs-C-ChJ 
I  I  I 

CH»  —  IJ    —    CO 


is  at  present  considered  most  favorably. 

i)  LlebU'*  Anna  ten.  250,  pp.  852— 858.—  ")   Herichte,  20.  p.  104. 

On  the  Influence  ol  the  concentration  and  the  *)   Lteblg'g  Aninkn.  260,  p.  847. 

nasura  ot  the  solvent  r.n  the  rotatory  power  »)  Berlchte,    27.    p.    384S;    LJeblg's 

aee  Landolt  loe.  elt.  and  Rim  bach,  Zeltacbr.  Annalen,  393.  p    1. 

L  phj«.  Chem..  9  (1893),  p.  701.  •)  Joorn.  I.  prakt.Chflm..lI.B5,p.S5. 

')  .fonrn.  (hem.  Hoc,  78,  p.  BHfi.  i)   Rerlchte,  26,  p.  8049. 
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Dehydrating  agent*  act  very  energetically  on  camphor.  Thus  phos- 
phoric  acid  anhydride  produces  p-eymene ;  sulphuric  acid  and  zinc  chloride 
yield  other  substances  besides  this  hydrocarbon.  By  the  action  of  iodine 
carvacrol  is  obtained. 

For  the  identification  of  camphor  the  oxime  is  used.  This  com- 
pound, discovered  by  Nageli1  in  1883  is  preferably  prepared  according 
to  the  method  of  Auwere,"  (1889): 

To  a  eolation  of  10  parts  of  camphor  in  10—20  times  the  u  mount  of  90 
percent,  alcohol  a  notation  of  7—10  parts  of  hydroxylamine  hydrochloride  and 
12  to  17  parte  of  soda  solution  are  added.  The  mixture  is  heated  in  a  boiling 
water  bath  until  the  compound  first  precipitated  by  water  dissolves  completely 
in  the  soda  solution.  The  oxime  precipitated  by  water  is  recrystalliwd  from 
alcohol  or  tigroin.  It  meltH  at  IIS— 119°  {Bertram  *  Walbaum,8  1894;  Bredt 
&  Rosenberg,*  1896),  and,  when  prepared  from  d-camphor  is  laevogirate, 
whereas  the  oxime  of  1-camphor  is  dextrogyrate  (Beckinann,*  1889). 

For  identification  the  semicarbazone  of  camphor  melting  at  286 — 
238°  may  also  be  employed,  further  the  compound  produced  with 
p-bromphenyl hydrazine  melting  at  101°  (Tiemann,6  1805), 

Fenchone. 

Fenchone  CioHioO  is  a  compound  very  similar  to  camphor,  but  liquid. 
It  occurs  in  both  optically  active  modifications  in  volatile  oils.  d-Fen- 
ch one  is  contained  in  fennel  oil,  while  1- fenchone  is  a  constituent  of  thuja 
oil.  For  its  preparation  in  a  pure  state  the  fenchone-con taming  fractions, 
boiling  at  about  19(1—  li).V  are  freed  from  impurities  by  oxidation  with 
concentrated  nitric  acid  or  permanganate  solution  (Wallach, T  1891). 
Fenchone  is  very  stahle  toward  oxidizing  agents  and  is  only  slightly 
acted  upon  by  this  treatment.  If  the  fenchone  lias  been  fairly  well 
purified  by  this  treatment  it  will  solidify  in  the  cold  and  can  then  be 
completely  purified  by  crystallization  and  removal  of  the  liquid  parts. 
Art i fie i ally,  fenchone  can  lie  obtained  by  the  oxidation  of  fenchyl 
alcohol. 

Absolutely  pure  fenchone  is  a  limpid,  somewhat  oily  liquid,  which 
possesses  an  intense  camphor-like  odor  and  a  bitter  taste.  Its  physical 
properties  are  given  by  Wallach8  (IHfil— 189-8)  as  follows: 

M.  p.  +  .">  to  6° ;  dieo  =  0.9465.  d»°  =  0.»43;  nm»=  1.-UVJ06; 
[<i]d  =  +  71.97°  and  66.94°  resp.  (in  alcoholic  solution!. 

i)  nprlctite,  16.  p.  41)7.  »)  Uel>l)C>  Annnlen.  SB!>.  p.  SB*. 

J)  Btrlchte.  92,  p.  8<>fi  •)  Berlchte.  2H.  p.  21U1. 

■I  Journ.  I.  pr.iki  I'hein.,  II,  40,  |i.  ID.  ')  UeUg'ii  Annalm,  2KH,  p.  ISO, 

*>  T.leMg'n  Annalen,  WH,  p.  II.  »l   LIvhlR'a  Annnlen. 2«H, p.  181;  272,p.  102, 
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With  the  exception  or  the  character  of  rotation ,  the  optically  active 
modifications  correspond  completely  both  phys  ically  and  chemically. 

Fenchone  does  not  combine  with  bisulphite*  any  more  than  does 
camphor,  but  is  also  indifferent  toward  phenyl  hydrazine ;  with  hydroxyl- 
amine,  however,  it  yields  an  oxime  melting  at  1U4 — 185°,  which  can  be 
used  for  characterization  (Wallach1).  The  fenchone  oxime  behaves  like 
camphor  oxime  in  so  far  as  by  splitting  off  water  it  is  converted  into 
the  nitrile  of  fencholenic  acid  C10H15N,  isomeric  with  campholenic  acid- 
Cockburn8  obtained  two  fencholenic  acids. 

Upon  reduction  fenchone  yields  fenchyl  alcohol  CioHigO  (Wallach  a), 
which  melts  at  -45".  By  this  treatment  a  change  in  rotatory  power 
takes  place,  so  that  d-fenchone  yields  1-fenchyl  alcohol  and  the  reverse. 
Upon  oxidation  with  permanganate  fenchone  yields  l>e«ides  acetic  and 
oxalic  acids  di methylmalonic  acid  (CHs)a-C(COOH)a  (Wallach*).  When 
concentrated  nitric  acid  is  used  isocamphoronic  and  dimethyl  tricarbal. 
lylic  acids  are  also  found.     (Gardner  &  Cockburn,0  18UM). 

Whereas  camphor,  when  dehydrated  with  phosphoric  acid  anhydride, 
yields  p-cymene;  fenchone,  upon  like  treatment  yields  ni-cymene. 

Fenchone  therefore  appears  to  be  the  m-compound  corresponding  to 
camphor  as  the  p-compound  (WallHch6).  Concentrated  sulphuric  acid 
acts  on  fenchone  with  the  formation  of  acetyl  xylene  CflHg.CHs'1'. 
CH8t«.CH8COW  (Marsh 7). 

For  the  identification  of  fenchone  the  oxime  is  used,  which  is  best 
prepared  according  to  the  directions  given  by  Wallach.8 

To  a  solution  of  ~i  g.  of  feiiuhonu  in  80  cc.  of  absolute  alcohol  a  solution 
of  11  g.  of  hydroxy  lam  i  ne  hydrochloride  in  11  g.  of  hot  water  and  6  g,  of 
powdered  potash  are  added.  After  standing  for  some  time  when  some  of  the 
alcohol  has  evaporated  the  oxime  crystallines  out,  which  should  be  purified  by 
recr.vstalliiatiou  from  alcohol,  acetic  ether,  or  ether. 
Thujone. 

Thujone  CioHiaO  (tanncetoue  Hemmler)  together  with  1-fenelione  is 
a  constituent  of  thuja  oil,  but  has  also  been  found  in  the  oils  of  tansy. 
wormwood,  and  sage  as  well  as  in  the  oil  of  Artemisia,  barrvlieri.  In  all 
of  them  it  occurs  in  the  dextrogyrate  modification  only.  From  oils  rich 
in  thujone  like  tansy  oil,  and  the  oil  of  Artemisia  barrelieri,  the 
ketone  is  conveniently  separated  in  the  form  of  its  bisulphite  compound? 
which  yields  pure  thujone  by  decomposition  with  soda. 

i.  mi;  »>  .Journ,  Chem.  Sot.,  TS,  p.  70S. 

•  )  Ueblg's  Annalen,  275,  p.  HIT!  284,  p.  S24. 
j.  .lot.  '\  Croc.  Chem.  Sue,  15,  p.  ins. 

«>  I.lehlK'B  Annalen,  272.  p.  1114, 


)  i-ifiiie' 

i  AnnaK 

2V  2, 

p.  102. 

')  Journ. 

Cuem.  S 

■)  Ibidem 

>  Ueblf?'- 

i  Anniih 
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Thujone  is  a  colorless,  pleasant  smelling,  somewhat  oily  liquid,  for 
which  Semmler  report*  the  following  properties : 

B.  p.  84.5°  at  18  mm.;  dw>=  =  0.9126;  nD  =  1.4495.i 
B.  p.  208°;  «D=about  4f68°.a 

For  the  ketone  regenerated  from  the  bisulphite  compound  and  the 
seinicarbazone  Wallach  found:8 

dl0o  =  0.S175;  nD  =  l-4.il09; 
d  ao»  =  0.916 ;     n  D  =  1.4507. 

As  is  seen  from  the  physical  constants  thujone  is  a  saturated  ketone, 
yet  it  takes  up  bromine  with  decoloration  and  is  readily  affected  by 
potassium  permanganate. 

Differing  from  camphor  and  fenchone  thujone  combines  with  sodium 
bisulphite.  With  hydroxylamine  it  yields  an  oxime  (Wallach,4  185)3: 
Semmler,6  1892)  melting  at  54 — 55°,  which  upon  heating  with  dilute 
sulphuric  acid  is  changed  to  cymidineCijHa.Cal^t'i.NHaM.CHal4)  which 
yields  carvacrol  (Semmler8).  Semicarbazide  reacts  on  the  ketone  with 
the  formation  of  a  semicarbazone  meltihg  at  171—172°  (Baeyer,7 1894). 

Upon  reduction  thujone  yields  the  corresponding  secondary  alcohol 
CioHisO,  thujyl  alcohol  (Semmler"),  which  had  lieen  found  with  thujone 
in  wormwood  oil. 

When  oxidized  with  bromine  and  soda  solution  the  monobasic 
tunacetogenic  acid  d»Hi«03  results  (Semmler8);  with  permanganate, 
however,  a  mixture  of  two  isomeric  keto  acids  CioHieOa,  is  obtained 
(Wallach,**  1808  &  1897;  Semmler, »»  1892).  When  subjected  to  dry 
distillation,  this  yields  a  homologous  ketone  CgHioO  possessing  an  odor 
similar  to  that  of  methylheptenone  (Wallach,"  1898).  By  building 
down  the  keto  acids  to  *-((«.)  dimethyl  laevulinic  acid  the  constitution 
of  thujone  has  been  fairly  well  cleared  up  (Tiemann  &  Semmler,18 
1897  and  1898). 

When  thujone  is  heated  to  280°  in  closed  tubes  for  some  time,  it  is 
changed  to  an  unsaturated  ketone  of  the  same  composition  Cn.HiaO, 
cnrvotanacetone  (Semmler.1*  1889),  which  has  an  odor  resembling  that 
of  carvone.     The  same  rearrangement  seems   to   take  place  even  by 

>)  Berlchte,  25,  p.  884B.  «j  Berlchte,  25,  p.  HS10. 

»)  Ibidem,  27.  pp.  8!>5  A  8«T.  »)  Llebtg'B  Arumlcu.  272.  |).  Ill;    Berlchte, 

■  )  Berlchte,  28,  p.  lUUn.  HO.  p.  428. 

*)  l.lebU'i  Annaleo,  277,  p.  IBP,              ■•>)  Berlchte,  25,  p.  SS47. 

5)  Berlchte.  2S,  p,  8844.  It)  Llehle's  Annalen.  272,  p. 118:  275.  p.  164. 

»  Ibidem,  8852.  "»)  Berlchte,  80,  p.  129:  81,  p.  2811. 

1}  Berlchte,  27,  p.  11128.  '«)  Berlchte,  27,  p.  803. 


b.Google 


Thu  More  Commonly  Occurring  Constituents  of  Volatile  Oils.  189 

prolonged  boiling  of  the  thujone,  as  may  be  conducted  from  the  deci-ease 
in  rotatory  power.  Another  isomeric  ketone,  isothujone,  is  formed  by 
lieating  thujone  with  dilute  sulphuric  acid  (Wallach,1  180a). 

For  the  characterisation  of  thujone  the  tribromide  in  well  suited, 
and  is  best  prepared  according  to  Wallach2  (1893): 

5  g.  of  thujone  are  dissolved  in  a  large  beaker  in  30  <x.  of  petroleum  ether 
and  to  thin  solution  5  cc.  of  bromine  are  added  at  once.  After  several  seconds 
a  rather  violent  reaction  takes  place  with  liberation  of  considerable  hydro- 
bromic  acid.  -When  this  is  ended,  the  solvent  is  allowed  to  evaporate  and  the 
tribromid»  separates  slowly  as  a  crystalline  mass,  which  is  to  be  freed  from 
adhering  oil  by  washing  with  cold  alcohol  and  recryetallised  from  hot  acetic 
ether;  the  melting  point  of  the  pare  compound  in  121—122°. 

Pdleqone. 

The  oil  of  European  pennyroyal  contains  about  HO  percent  of  a 
ketone  CioHjaO,  pulegone,  which  has  likewise  been  found  in  the  penny- 
royal oil  from  Hedeoma,  pulegioides  and  in  the  oil  of  Pycn&ntheinum 
hwceoiatum,  in  all  of  which  it  occurs  in  the  dextrogyrate  modification. 

As  European  pennyroyal  oil  consists  principally  of  pulegone,  this 
ketone  can  be  obtained  in  a  fairly  pure  state  by  fractional  distillation. 
It  can,  however,  he  obtained  much  purer  from  the  bisulphite  compound 
which  separates  by  shaking  the  oil  diluted  with  some  alcohol  (%  vol.) 
with  sodium  bisulphite  solution  (Baeyer,8  1H95).  The  semicarbaBone, 
decomposable  by  acids,  can  also  be  used  for  the  purification  of  pulegone. 

Synthetically,  pulegone  has  been  obtained  in  a  round-about  way 
from  citronellal  (Tiemann  &  Schmidt,4  1896).  An  isomeric  ketone,  but 
not  identical  with  natural  pulegone  has  been  obtained  by  Wallach K 
(189fi  &  '98)  by  the  condensation  of  methyl  hexanone  with  acetone. 

Pulegone  is  at  first,  a  colorless  liquid  which  on  standing  for  some 
time  becomes  faintly  yellow,  and  hafl  a  sweet  peppermint-like  odor. 

For  the  ketone  purified  only  by  distillation  Beckmann  and  Pleisaner 
(1891)  found:8 
B.  p.  180—131°  at  60mm.;  dao°  =0.9323;  uD  =  1.47018;  [«]D  =  +  22.89°. 

Barbier  reports  (1892)  ;T 

B.  p.  222—223°;  das°=0.9293;   [«]D=  +  25°1B'. 

1)  LlebtK'H  Annnlen.  986.  p.  101;  Beriehto,  2S,  p.  1»5S:  BO,  p.  421',. 

»)  Ueblg'a  Annul™,  37(1,  p.  170. 

■)  Boilrhte.  28,  p.  S52. 

»>  Berirhte,  2»,  p.  918;  SO,  p.  22. 

=  )  Berlehte,  29,  pp.  1G9T.  SOBS:    Ueblg'"  Aanalen,  SOU,  p.  287. 

■)  LtebU'a  Aiiiialen.  3B2,  pp.  8,  4,  20. 

')  Compt.  rend..  114,  p.  126. 
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For  the  pulegoue  prepared  from  the  bisulphite  compound  Baeyer 
and  Henrieh1  (1895)  determined: 

B.  p.  100—101°  at  15  mm.:   [«]D  =  +  -22.94° 
and  Wallarlia  (1805); 

B.  p.  221—222°;  d  =  0.936:  Ud  =  1.4H4*. 

An  an  unsaturated  compound  pulegoue  yields  witji  bromine  a  liquid 
dibroruide,  with  hydrochloric  and  hyiirobromic  acids  crystallized  addition 
products,  whii:h  regenerate  pulegoue  when  treated  with  alcoholic  potassa 
(Beckmann  &  Pleissner,"  1891;  Baeyer  &  Henrieh,4  1895).  It  also 
shows  the  character  of  a  ketone.  Upon  careful  reduction  with  sodium 
in  alcoholic  solution  the  alcohol  ('ioHisO,  pulegol,  which  in  difficult  to 
obtain  in  a  pure  state,  is  first  formed  (Tiemanu  &  Schmidt").  Upon 
further  action  of  hydrogen  1-menthol  CioHsnO  results  (Beckmann  & 
Pleissner  "). 

Pulegone  combines  with  hydroxy  lam  hie,  two  oximes  being  known, 
of  which  the  one  has  the  normal  composition  CioHiaNOH  and  melts  at 
118— 119°(Waliach.*),  while  the  other  (m.p.  147°,  Tiemanu  &  Schmidt.*) 
described  by  Beckmann  &  Pleissner.9  contains  an  additional  molecule  of 
water.  As  has  lately  been  determined  the  latter  is  produced  by  the 
addition  of  hydroxylamiue  to  the  double  bond  in  the  pulegone,  so  that 
the  componnd  cannot  lie  considered  as  an  oxiine  (Harries  &  Boeder,10 
1M98).  The  semicarbazoue  formed  by  the  action  of  aemicnrbazide  melts 
at  170°  (Baeyer  &  Henrieh,'"  1895). 

When  pulegone  is  boiled  with  anhydrous  formic  acid,  or  heated  with 
water  to  250°  in  an  autoclave,  it  takes  up  water  and  is  rvsolved  into 
acetone  and  methyl  hexanone  CtHisO  (WallaHi,1*  189(1).  The  same 
decomposition  is  also  brought  about  hy  concentrated  sulphuric  acid 
(Zelinaky,1*  1807);  also  by  the  addition  of  bromine  and  splitting  off 
hydrogen  bromide  with  the  nid  of  heat  (Kbiges14).  In  the  latter  case 
ni-cresol  is  also  formed. 

Upon  oxidation  with  potassium  permanganate  pulegone  splits  off 
acetone  and  yields  ,3-methyladipinii*  acid  PtHhiO+.  In  harmony  with 
this  result  the  formula 

')  BerictlW.  28.  p.  f>38.  *|  Berlchte,  Mil,  p.  26. 

>|  Bertchte.  28,  p.  1965.  >>  Meblft'i  Amialeii.  2«3,  p.  (t. 

3}  I.lebljt'H  Annnien.  202,  p.  21.  »)  Berlcht*.  HI.  p.  180B. 

*)  Berichle.  28.  p.  HUH.  ")   Berlchte,  28,  p.  HUB. 

*)  Berlcbt*.  29.  p.  914.  II)  Lltrblff's  Aiiimli'ii,  2S9,  p.  H3S. 

«)  UeblK'n  Annalen,  2(12,  p.  «0.  H)  Berlrhte.  SO.  p.  1BB3. 

H  Meblft'Ji  Annalen.  277,  p.  1«0:2SH.  p.H47.        ■  *)  Hertchte.  83.  p.  250*. 
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has  been  unsigned  to  pulegone  (Semmler,1  1892)  which  also  explains  the 
ready  decomposition  into  acetone  and  methyl  hesanone. 

Pulegone  has  an  odor  very  similar  to  that  of  menthone.  Both 
ketones  can,  however,  be  readily  distinguished  by  their  derivatives.  For 
the  characterization  of  pulegone  the  semicarbazone  prepared  in  the 
usual  manner,  or  the  normal  oxime  may  be  used.  For  the  preparation 
of  the  latter  Wallach,3  1896,  has  given  the  following  directions: 

To  a  solution  of  10  g.  of  pu]ego:ie  in  three  times  its  volume  of  absolute 
alcohol  a  solution  of  10  g.  of  potassium  hydrate  in  5  g.  of  water  is  added. 
To  the  liquid  warmed  to  about  80°  are  added  quite  rapidly  with  constant 
agitation,  10  g.  of  hydroxy  I  amine  hydrochloride  dissolved  in  10  g.  of  water, 
and  the  mixture  kept  for  10  minutes  more  at  80°.  If,  after  cooling,  the 
mixture  is  poured  into  water,  the  oxime  usually  separates  at  once  in  the  solid 
form.  After  reerystal ligation  from  ether  or  petroleum  ether  it  melts  at 
118—119°. 

According  to  Baeyer  &  Hen  rich  *  (18i>5)  the  identification  can  be 
accomplished  more  rapidly  with  the  characteristic  bjsnitrosopulegone. 

A  solution  of  2  nc.  of  pulegoue  or  oil  containing  pulegone  in  '2  cc.  of  ligroin 
and  1  cc.  of  amyl  nitrite  is  well  cooled  in  a  freezing  mixture  and  treated  with 
a  very  small  amount  of  hydrochloric  acid.  In  a  very  short  time  the  bistiitroHO 
compound  separates  in  the  form  of  flue  needles,  which  are  obtained  pure  by 
spreading  on  a  porous  plate  and  washing  with  petroleum  ether. 

Menthone. 

1-Menthone  occurs  together  with  menthol  in  peppermint  oil  and 
probably  also  in  the  oil  of  buchn  leaves.  Recently  it  has  been  detected 
in  geranium  oil  from  Reunion. 

As  it  does  not  combine  with  bisulphite  and  cannot  be  freed  from 
accompanying   compounds    by    fractional    distillation    alone,  it  can   be 
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isolated  only  by  means  of  its  oxirae  or  setnicarbazone.  It  should  be 
remembered,  however,  that  in  the  decomposition  of  these  compounds, 
which  is  usually  effected  by  means  of  dilute  sulphuric  acid,  the  rotatory 
power  of  the  ketone  is  changed. 

By  the  oxidation  of  menthol  with  the  chromic  acid  mixture  recom- 
mended by  Beckmann  it  is  easy  to  obtain  a  1-menthone  with  normal 
rotatory  power  (Beckmann,1  1889). 

Pure  menthone  is  a  mobile,  limpid  liquid,  which  possesses  a  peppermint 
odor  and  a  cooling,  bitter  taste.  For  the  ketone  obtained  by  oxidation 
from  menthol  Beckmann  found: 

B.  p.  207°;  dao°  =  0.8960 ;  nDi2<=  =  1.4-">25;  [«]d  =— 28.18V      . 

Binz  records  (1893): 

dB4°  =  0.8934;  [«]D=- 27.67°.a 

According  to  Wallach  (1895)  menthone  regenerated  from  the  semi- 
ciirbazone  (m.  p.  184°)  possesses  the  following  properties: 
B.  p.  '208°:  d  =  0.894;  nD=1.4496.4 

If  1-menthone  is  treated  at  a  low  temperature  with  concentrated 
sulphuric  acid,  it  is  converted  into  the  dextrogyrate  isomer  (Beckmann,6 
which  has  so  far  not  been  found  in  volatile  oils. 

Menthone  belongs  to  those  ketones  which  do  not  yield  addition 
products  with  bisulphites.  Upon  reduction  with  sodium  in  alcoholic 
solution  it  is  converted  into  the  corresponding  secondary  alcohol 
1-menthol,  OioHaoO  There  are  also  formed  small  quantities  of  a  slightly 
dextrogyrate  isomenthol;  by  using  indifferent  solvents  ment.hopinacone 
also  results  (Beckmann,*  1897). 

With  hydroxylamine  in  alcoholic-aqueous  solution  it  combines 
rendily  to  form  1-menthoxime  melting  at  59°  (Beckmann,7  1889; 
Wallach,"  1893).  When  this  is  treated  with  dehydrating  agents  it  is 
converted  into  an  aliphatic  nitrile  CbHitCN,  which  by  further  changes 
yields  compounds  which  show  great  similarity  to  the  members  of  the 
citronellal  series  (Wallach,8  1894  &  '97).  Semiearhazide  reacts  on 
menthone  with  the  formation  of  the  semiearbazone,  which  crystallizes 
in  needles  and  melts  at  184°  (Wallach,'"  1895;  Beckmann,"  1896). 

i)  UtbU'H  Aunnlen.  200,  p.  WHS.  »1  LIcIjIr'h  Annnien,  330,  i>.  880. 

»j  Lteblg's  Annalen,  2S0,  p.  82T.  <0  Ltebig'*  AnnaJen,  377,  p.  187. 

»J  ZelMchr.  f.  phys.  ('hem.,  12,  p.  727.  *)  Lleblg's  Annalen.  278,  p.  BOS;  2H6, 

*)  Iterichte.  28,  p.  198H.  p.  120. 

>)   Meblfc'B  Arnultn,  p.  884.  <"l  Horlcliw,  28,  p.  196B. 

«j  .loom.  I.   lu-akt.  <hem..   II,  [SB,  pp.  «)  Lleblx's  Auualen,  2BU,  p.  860. 
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If  menthone  is  oxidised  with  absolution  of  chromic  acid  in  glacial  acetic 
acid,  a  liquid  keto  acid  CioHigOs  (keto-  or  oxymenthylic  acid)  is  first 
produced  (Beckmann  &  Mehriftnder,1  1896),  which,  on  further  oxidation 
with  potassium  permanganate  or  chromic  acid  mixture  ie  converted  into 
the  dibasic  j3- methyladipinic  acid  (Arth's2  yJ-pimelinic  acid)  consequently 
into  the  same  "Abbauproduct"  which  results  from  pulegone  and 
(•itronelU.il  (Beckmann  and  Mehrlander;8  Manasse  and  Rupe,*  1894). 
When  oxidized  with  Oaro's  reagent  (persulphate  with  concentrated 
sulphuric  acid)  it  yields  the  corresponding  [-lactone  (Baeyer,"  18991. 

When  isoamyl  nitrite  and  hydrochloric  acid  are  allowed  to  act  on 
menthone  in  the  cold,  there  is  formed  besides  bisnitrosomenthone 
(0ioHi7O.N0)s,  the  oxime  of  keto-menthylic  acid,  the  first  oxidation 
product  of  menthone  (Baeyer  &  Manasse,*  1894;  B.  &  Oehler,7  18961. 

When  bromine  (2  mol.)  acta  on  menthone  (1  mol.)  in  chloroform i<: 
solution  a  crystallized  dibrora menthone,  CioHiaBraO  (m.  p.  79—80°) 
results,  which  can  be  converted  into  thymol  by  splitting  off  hydrobroinic 
acid  by  means  of  chtnoline  (Beckmann  &  Eichelberg,s    1896). 

Those  rearangemento,  as  well  as  the  conversion  of  menthone  into 
3-chorcymene  effected  by  Jiinger  and  Klages0  (1896)  agree  with  the 
formula 

CHsCHb 


H«C/       \C0 


assigned  to  it.    This  also  expresses  the  relation  of  menthone  to  pulegone. 
In  order  to  identify  menthone.  the  semicarbazone  or  the  oxime  is 
employed,  the  preparation  of  which  is  accomplished  in  the  usual  manner.  . 
For  further  characterization  the  ketone  may  be  reduced  to  menthol  and 
this  converted  into  the  benzoic  acid  ester  (see  menthol). 

i)  Lleblg'*  Auiialen.  289.  p.  B68.  ■>  Beriehte,  27,  pp.  11118  and  1614. 

>)  Annates  d*  Chlm.  et  Phj-a.,  VI,  7.  p.  4KB.  »)  Berlchte,  29,  p.  27. 

i)  Liable'*  Annnlen,  289,  p.  S7S.  -)  Berlchte.  29,  p.  41*. 

"1  Berlchte,  27,  p.  1818.  »)  Berlchte,  29,  p.  R15. 
11  Berlchte,  82,  p.  802.">. 
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A  diketone,  viz.  diacetyl  CHa . CO . CO .  CH«  remaiiia  to  be  mentioned. 
It  has  been  isolated  from  the  distillate  from  caraway  Heeds  *  and  in  all 
probability  occurs  in  the  distillate  from  cloves  and  probably  in  other 
oils.    It  can  be  identified  by  its  diosime  melting  at  234.5°. 


Acids,  Esters,  Lactones,  Oxides. 

The  aqueous  distillate  obtained  by  the  distillation  of  volatile  oils 
with  steam  occasionally  contains  free  fatty  acids,  viz.  acetic,  propionic, 
butyric  or  valerianic  acid.  These  acids,  like  methyl  and  ethyl  alcohol, 
are  probably  decomposition  prodnctH  of  enters  contained  in  the  parte 
of  plants  subjected  to  distillation. 

Those  acids  contained  in  oils  in  the  form  of  esters  are  obtained  as 
salts  when  the  oils  are  saponified.  Formic  acid  is  supposed  to  be  con- 
tained in  valerian  oil  as  bornyl  formate.  Acetic  acid  occurs  frequently 
in  the  form  of  esters  as  linalyl,  geranyl,  and  bornyl  acetates,  which  are 
characterized  by  their  peculiar  odor.  Of  the  other  fatty  acids,  propionic 
and  butyric  acids  have  been  found  in  lavender  oil;  butyric  acid  as  ethyl 
ester  in  the  oil  of  Heractenm  sphondylium,  as  octyl  ester  in  tbe  oil  of 
Pastmaca  nnviv&;  valerianic  acid  and  its  esters  in  the  oils  of  valerian, 
citronella  and  angelica  root;  methyl  ethyl  acetic  acid  in  the  oil  of  angelica 
root,  and  seed ;  n-capronic  acid  in  palmarosa  oil  and  the  oil  of  H. 
sphondylium;  caprinie  acid  as  ethyl  and  amyl  ester  in  cognac  oil;  laurinlc 
acid  free  in  the  oil  of  arnica  flowers;  myristic  acid  in  orris  oil  and  oil 
of  nutmeg;  and  palmitic  acid  in  the  oils  of  ambrette  seeds,  vetiver, 
wormwood,  celery  and  arnica  flowers. 

Of  the  unsaturated  acids,  angelic  and  tiglinic  acids  occur  as  esters 
in  cumin  oil;  tiglinic  acid  in  geranium  oil  from  Reunion;  oleic  acid  ,m 
orris  oil. 

Of  the  aromatic  acids,  benzoic  acid  has  been  found  in  ylang-ylang 
oil  and  in  the  oil  of  tolu  balsam;  cinnamic  acid  in  storax  oil,  and  as 
methyl  ester  in  the  oil  of  Alpinia  mulaecensis.  Much  more  widely  dis- 
tributed is  salicylic  acid  which  occurs  as  methyl  ester  in  the  oils  of 
*  species  of  G&ultlierin  and  Betaln,  also  those  of  spiraea,  senega  root  and 
tea.  Methyl  salicylate  occurs  in  small  amounts  but  is  widely  distributed 
in  leguminous  plants  and  in  other  plant  families.2  In  oil  of  cloves 
salicylic  acid  probably  occurs  as  iicetsalicylic  ester  of  eugenol. 

i)  Bericht  S.  &  Co.,  Oct.  lSBtt,  p.  82. 

a)  Comp.  Bericht  von  Schlinmel  A  Co.,  Oft.  18HB.  ]>.  01,  also  Job  rentier!  cht  des 
botn nine hen  fiortsm  »u  Rultemoi-g.  1HU7.  p.  87. 
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Methyl  salicylate  is  unquestionably  one  of  the  most  widely  distributed 
plant  constituents.  Its  presence  in  a  plant  is  not  restricted  to  any  one 
part.  Probably  the  ester  does  not  as  a  rule  exist  as  such  in  plants, 
but  in  form  of  a  glucoside,  for  frequently  the  distillate  from  fresh 
vegetable  matter  yields  no  reaction  for  methyl  salicylate. 


Oxy  acids  and  their  anhydrides,  the  lactones,  occur  in  volatile  oils ; 
oxymyristic  and  oxypentadecylic  acid  have  been  found  in  the  oils  of 
angelica  root  and  of  angelica  seed  respectively. 

Of  the  lactones,  sedanolid  from  celery  oil  and  cumarin  and  hydro- 
cumarin  are  characterized  by  their  powerful  odor.  On  the  other  hand, 
alantolactone  (helenin)  from  slant  oil  and  the  lactone  CioHiaOa  from 
peppermint  oil  have  but  a  faiiit  odor. 


The  oxides  are  represented  by  but  one  compound,  cineol  or 
eucalyptol  CioHisO. 

Cineol. 

Cineol  (eucalyptol,  terpane  of  Bouehardat  and  Voiry)  like  methyl- 
salieylate  is  widely  distributed.  It  is  the  principal  constituent  of  cajeput 
oil,  the  oils  of  Artemisia  cina  and  Eucalyptus  globulus  and  has  been 
found  in  larger  or  smaller  quantities  in  the  following  oils :  galangal  oil, 
tedoary  oil,  different  cardamom  oils,  in  the  oil  from  the  seeds  of 
A  mo  mum  melegueta,  kaempferia  oil,  camphor  oil,  laurel  leaf  and 
berry  oils,  myrtle  oil,  in  the  oils  of  Melaleuca  leucadendron  var.  lanci- 
folia,  M.  acuminata,  M.  decussata  and  M.  nncinata,  in  cheken  leaf  oil, 
canella  oil,  in  the  oils  of  Eucalyptus  odorata,  cneorifolia,  oleosa, 
dumosa,  amygdnlina,  i-ostrata,  populifera,  corymbosa,  resinifera, 
baileyaim,  microcorys,  riadonia,  leucoxylon,  mavrorrhyneha,  capitellatn, 
eugenioides,  obliqua,  punctata,  loxophleba,  crebra  and  hemiphloia,  in 
oil  of  Artemisia  vulgaris,  milfoil  oil,  iva  oil.  in  sage  and  basilicum  oil, 
in  the  oil  of  Lavandula  dentata,  L.  stoechas  and  L.  vera,  in  rosemary 
oil,  an  well  as  in  peppermint  and  Russian  spearmint  oils. 

The  preparation  of  this  body  from  oils  rich  in  cineol,  like  that  of 
Eucalyptus  globulus,  is  not  difficult,  insofar  as  the  cineol,  purified  as 
far  as  possible  by  fractional  distillation  possesses  the  property  of 
crystallizing  when  cooled.  If  the  object  is  to  detect  and  to  isolate 
small  quantities  of  cineol,  the  hydrobromic  acid  compound  is  used, 
which  by  decomposition  with  water  yields  cineol. 
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Cineol  has  been  observed  as  inversion  product  in  the  preparation  of 
terpineol  from  terpin  hydrate  and  dilute  sulphuric  acid ;  it  results  further 
by  boiling  terpineol  with  dilute  sulphuric  acid  or  oxalic  acid. 

Pure  cineol  is  a  colorless  liquid  of  camphor-like  odor,  which  crystal- 
lizes in  the  cold  and  is  optically  inactive.  For  the  cineol  prepared  from 
its  hydrochloric  acid  addition  product  Wallaeh  found: 

B.  p.  176°;  dso°=0.9267;  no = 1.45889. * 

According  to  observations  made  in  the  laboratory  of  Schimmel  &  Co. 
cineol  purified  by  crystallization  melts  at  —  l°;it  boils  at  177°  (704  mm.), 
and  diB°=0.930,  nD  iv~ 1.45961. 

Cineol  yields  characteristic  loose  addition  products  with  bromine, 
iodine,  hydrochloric  and  hydrobromic  acids,3  phosphoric  acid.  «- 
and  ^-naphthol,  and  iodol,  which  can  be  used  in  part  for  its  isolation 
and  characterization.  By  the  action  of  dehydrating  agents  it  is 
converted  into  dipentene  (Wallaeh  &  Brass,8  1884).  It  can  also  be 
converted  directly  into  dipentene  derivatives  by  proper  treatment ;  thus 
for  instance,  dipentene  hydriodide  results  by  merely  conducting  dry 
hydriodic  acid  into  cineol.  The  oxygen  in  cineol  is  combined  as  oxide 
oxygen  and,  therefore,  thiH  compound  reacts  neither  with  hydroxylamine 
nor  with  phenyl  hydrazine,  nor  does  sodium  in  alcoholic  solution  act 
upon  it. 

When  oxidized  with  warm  solution  of  potassium  permanganate 
dibasic  cineolic  acid,  CioHibOb  (m.  p.  196  to  197°)  is  formed  (Wallaeh  & 
Gildemeister,*  1888).  The  cineolic  acid  anhydride  produced  by  the 
action  of  acetanhydride  on  this  acid  yields^  when  subjected  to  dry  dis- 
tillation, methyl  heptenone,  CbHuO,  which  also  occurs  naturally. 

Cineol  possesses  a  characteristic  odor,  which  often  direct*  the  atten- 
tion to  it.  For  rapid  detection,  the  reaction  with  iodol  given  by 
Hirechsohn5  (1893)  is  especially  suited.  In  a  few  drops  of  the  oil  to 
be  tested  a  little  iodol  is  dissolved  by  moderately  heating;  if  cineol  is 
present,  the  crystalline  addition  product  consisting  of  equal  molecules 
of  the  components  soon  separates.  The  melting  point  of  the  compound. 
recrystHllized  from  alcohol  or  benzene,  is  about  112°  (Bertram  &  Wal- 
baum,"  1897). 

n  IJeWg'*  Annalnn,  280,  p.  33;  345.  p.  105. 

»>  Lleblg'a  Annalen.  335,  pp.  800,  80S:  280,  p.  337:  34ft.  p.  380. 

>)  LleblR's  Annul™,  335,  p.  810. 

«>  UeblK'*  Annalen,  34ft.  p.  368. 

5)  Ph«rm.  Zeltuchr.  I.  RubhI.,  82,  pp.  4fl  &  67. 

«\  Arthlv  d.  I'harm.,  28G.  p.  178. 
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If  the  eineol  is  to  be  isolated  as  such,  the  eineol  fraction  diluted  with 
about  au  equal  volume  of  petroleum  ether  in  well  cooled  and  saturated 
with  dry  hydrobromic  acid  gas.  The  white  crystalline  precipitate  which 
soon  separates  is  filtered  with  a  force-pump  and  washed  with  petroleum 
ether.  The  fairly  stable  hydrobroraide  thus  obtained  melts  at  56 — 57° 
and  is  readily  decomposed  by  water  into  cineol  and  hydrobromic  acid. 

For  the  further  characterization  the  cineolic  acid  produced  by 
oxidation  with  warm  potassium  permanganate  solution  may  be  used. 


Phenols  and  Phenol  ethers. 

Several  of  the  phenols  and  their  ethers  have  acquired  considerable 
commercial  importance  and  are,  therefore,  prepared  on  a  large  scale. 
Thus  thymol  is  largely  used  on  account  of  its  antiseptic  properties, 
anethot  is  used  in  the  manufacture  of  liquors,  from  eugenol  and  safrol 
the  valuable  vanillin  and  heliotropin  are  prepared. 

Of  the  simpler  representatives,  p-cresol  methyl  ether  is  found  in 
ylang-ylang  oil  (cananga  oil),  phlorol  (m-ethyl  phenol?)  is  found  as  iso- 
butyric  ester  and  as  methyl  ether  in  the  oil  of  arnica  root,  the  ethyl 
ether  of  hydroquinone  occurs  in  star  anise  oil,  and  the  methyl  ether  of 
thymohydroquinone  in  the  oil  of  arnica  root. 

Of  the  higher  homologues  of  phenol,  the  two  isomeric  phenols 
CioHuO,  thymol  and  carvacrol  are  of  special  interest  on  account,  of  their 
relationship  to  terpene  derivatives. 

Carvackol. 
Carvacrol  (isopropyl-o-cresol),  CeHs.CHBM.OHrsi.CBHT'-1!,  is  the 
principal  constituent  of  the  Trieste  and  Smyrna  origanum  oil.  It  has 
also  beeu  found  in  the  oils  of  Monarda  Bstalomt,  of  thyme  and  wild 
thyme,  of  Satureja  hoHmism,  S.  montuna.  and. of  Pyeniinthenium  hinreo- 
latum,  also  in  spearmint  oil  and  the  oil  of  Schinus  molle. 

.  Artificially  it  can  be  obtained  from  the  isomeric  cnrvone  by  treat- 
ment with  potassa,  hydrochloric,  sulphuric,  phosphoric,  and  formic 
acids  (comp.  p.  103);  also  from  camphor  by  heating  it  with  iodine. 

When  freshly  distilled  it  is  a  colorless,  thick  oil,  which  solidifies  in 
the  cold.    Its  constants  are  reported  as  follows : 
B.  p.  119°  at  16  mm.;  dao=-— 0.9782;  nD  =  l»228  (Semmler,1  1892). 

I)  Berlchte.  2B,  p.  8«58. 
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For  carvaerol  from  origanum  oil,  Gildemeiater l  (1895)  found: 

M.p.+0.5°;  b.  p.  235.5— 236.2°  (742  mm);  dm- =0.980,  dao°=0.976; 

nDao°  =  1.52338; 

and  for  a  preparation  prepared  from  carvone: 

M.  p.  +  0.5°;  b.  p.  23«—  236.5°  (742  mm.); 
diBo  =  0.983,  dso°=0.979;  nDao°=  1.52295. 

For  tbe  detection  of  carvaerol  the  phenyl  carbaminic  acid  ester, 
first  prepared  by  Gold  sen  raid  t a  (1893)  can  be  used.  According  to 
Gildemeister  J  it  melts  at  140°.  For  this  purpose  the  nitroso  derivative 
which  can  readily  be  prepared  according  to  Klage's8  (1899)  method 
should  also  prove  serviceable. 

Thymol. 

Thymol  (isopropyl-m-cresol)  CbHs.CHsW.OHI'I.CsHtW  is  found  in 
considerable  quantity  besides  p-cymene  in  ajowan  oil,  but  also  occurs  in 
the  oils  of  Monarda,  punctata..  Morula,  ja/ionica.  and  Cunila  m&riana,  in 
oil  of  wild  thyme,  and  in  thyme  oil. 

Its  artificial  formation  from  dibrom  menthone  by  splitting  off  hydro- 
bromic  acid  by  means  of  quinoline  is  interesting. 

Thymol  forms  colorless,  transparent  crystals,  having  the  odor  of 
thyme  which  melt  at  50—51°  and  distill  at  232°  (231.8°)  (Pinette,* 
1886).  Eykmann"  (1893)  determined  d8.e°  =  0.9816,  Nasini  and  Bern- 
heimera  (1885)  report  d^°  =  0.96895  and  nD  =  l  51893. 

Chemically  it  can  be  readily  characterized  by  its  nitroso  derivative 
(Klages,7  1899). 

The  most  phenols  and  phenol  ethers  as  well  aw  the  most  important 
ones  belong  to  the  olefinic  phenols,  i.  e.  phenols  with  olefin ic  side-chains. 
They  mostly  contain  the  group  CsHs,  either  the  ally!  or  propenyl  group; 
myristicin  alone  apparently  makes  an  exception,  having  a  butenyl  group. 
Wnen  heated  with  alcoholic  potaesa  nr  sodium  ethylate  those  substances 
containing  an  allyl  group  are  converted  into  their  isomers  with  a 
propenyl  group. 

I)  Arch.  it.  Pharm.,  383,  p.  1SK.  s)  Itecuell  cleg  trav.  ctitm.  dm  P.-B.,  13, 

'1  Berlchte,  2(1,  p.  20Bti.  p.  177. 

>>  Berlchte,  82,  p.  1318.  •)  Gm.  chlm.  Ital„  15,  p.  59.    Jabreab. 

•1  I.leblR's  Annalen,  248,  p.  4ii.  I.  Chera.,  188.1,  p.  814. 
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Chavkol. 

Chavicol  (p-allylphenol),  CaH4.C8HB'1].OH[*]  occurs  in  betel  leaf  oil 
*rom  Java  and  in  bay  oil. 

It  is  a  colorless  liquid,  boiling  at  about  237°  and  according  to 
Eykmann1  has  dis*  =  l-033  and  no  =  1-5441. 

Methyl  chavkol. 

Methyl  chavicol  (estragol)  was  first  found  in  anise  bark  oil  and  later 
also  in  estragon  oil.8  Accompanying  its  isomeric  propenyl  compound 
anethol,  it  occurs  in  the  oils  of  anise,  star  anise,  and  fennel,  and  has 
been  shown  to  be  present  in  bay  oil,  in  German  and  French  basilicum 
oils  and  in  the  oil  of  Perseu  gratinsimn. 

Methyl  chavicol  is  a  colorless  liquid  with  a  faint  anise-like  odor, 
which  boils  at  215—216°  (corr.)  (Grimaux,8  1893).  At  11.5°  d=0.979 
and  ud=1.5244  (Eykman,1  1890).  The  ether  isolated  from  estragon 
oil  has,  according  to  the  observations  made  in  the  laboratory  of 
Schimmel  &  Co.,  the  following  properties: 

B.  p.  97—97.5°  at  12  mm.,  86°  at  7  mm.;  diB->=0.9714-0.972; 
now-  =  1 .52355—1 .52380. 

Methyl  chavicol  is  characterized  by  changing  it  into  the  solid  anethol 
by  boiling  with  alcoholic  potassa  or  by  converting  it  into  homoanisic 
(p-methoxyphenylacetic)  acid  melting  at  86°. 


Anethol  (p-propenylanieol),  CflrU-CaHsW.OCHaW,  is  the  main  con- 
stituent of  anise  and  star  anise  oils  and  is  also  contained  in  considerable 
quantity  in  fennel  oil.  It  has  also  been  shown  to  be  present  in  the  oil  of 
Oamorrbiza.  longietylis. 

It  is  a  white  crystalline  mass,  with  a  strong  anise-like  odor,  the 
properties  of  which  with  slight  disagreements  are  given  as  follows: 

M.  p.  21.1°;   b.  p.  233—233.5°  (751  mm.);   d*£?= 0.9855  (Moreau  & 

Chauvet,*  1897); 

M.  p.  21°;  das°  =  0.986;  nDi8°=l-56149  (Stohtnann,"  1892); 

dii.B»=0.999;  nD= 1.5024  (Eykman»). 

1)  RerlchW,  118.  p.  Hfla.  *)  Hull.  Sue.  chtm.,  Ill,  IT,  p.  411. 

■)  BerJcht  vod  Scblmmel  A  Co.,  April  *)  Bttnragaber.  d.  Akad.d.  Win,  Ldpiltr. 

1392,  pp.  IT  *  41;  April,  1894,  p.  2S.  1892,  p.  SOT. 
>)  Compt.  rand.,  117,  p.  1089. 
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Hi,  u  »\nliMtl  with  chromic  mid  it  is  converted  into  anisic  acid. 
«.'.!  |i.>M«»auu  permanganate  into  p-methoxypheiiylglyoxylic  acid 
i„H,  iH'H».  '  .t'O.COOHi']  (in.  p.  89°).  With  bromine  tiie  well cryirtal- 
ii ..  ,1  uioiiohrom  aiirthol  dibroniide  OaHsBrfOCHs) . CMH5Bra  (m.  p.  107— 
»(Wi  result*  (Hell  &  OKrttner.1  189.">>. 

Kngenol.  betelphenol  and  safrol  are  derivatives  of  ally]-  and  propenyl- 
dloxylienjene  respectively,  which  are  not  known  as  such. 

Euoenol. 

Engenol  (allylguaiacol),  CsHaCsHnrn.OCHsI3]  .OHM.  is  contained 
in  large  amounts  in  the  oil  of  cloven  and  dove  stems.  It  is  also  found 
in  the  oils  of  cinnamon  leaves,  Ceylon  cinnamon,  sassafras,  massoy 
bark,  pimenta,  bay,  and  canella,  also  in  camphor  oil  and  culilawan  oil. 

It  is  a  faintly  yellow  liquid,  with  an  intense  clove-like  odor  and 
burning  taste  with  the  following  properties: 

B.  p.  252°  at  749  mm.:   123°  at  12— 13  mm.  (Erdmann,*  18971: 
<tu.s.  =  1.072;  nD  =  1.54S9  (Eykman.s  1890). 

With  ferric  chloride  in  alcoholic  solution  eugenol  produces  a  blue 
coloration.  Upon  oxidation  (best  as  acetic  acid  ester)  it  yields  vanillin 
and  vanillic  acid,  besides  small  quantities  of  homovanillic  acid. 

For  its  characterization  the  benzoic  acid  ester,  m.  p.  69—70°,  which 
can  l»p  prepared  with  benzoyl  chloride  is  well  adapted. 

Besides  eugenol  some  iveteugenol  is  also  found  in  clove  oil.  but  not 
in  clove  stem  oil.  It  is  frequently  accompanied  by  its  methyl  ether 
(allylveratroltCeHfl.OsHntH.OCHa'^.OCHBl4!,  which  occurs  in  bay  and 
culilawan  oils,  in  paracoto  bark  oil.  in  oil  of  Asarum  europ/ieum.  in 
citronella  oil  and  probably  in  matico  oil.  The  methyl  ether  possesses  an 
odor  reminding  of  eugenol  but  much  weaker;  it  boils  at  2+8—249° 
(128-129°  at  11  mm.),  <!,, .  =  1.041,  110  =  1.5378  {Bertram  &  Gilde- 
meister,4  1889;   Eybniann8). 

With  bromine  methyl  eugenol  yields  the  trihrom  methyl  eugenol 
reHaBr.((X;HH)s.('sH5Br2,  crystallizing  in  pretty  needles  melting  at  7N° 
( Wassermann ;B  B.  &Q.*).  By  oxidation  with  potassium  permanganate 
it  is  converted  into  dimethyl  dioxyl>enzoic  acid  I  vera  trie  acid)  melting 
at  179—180°  (Comp.  Wallach  &  Hheindorff,8  1892).  Both  compounds 
are  well  suited  for  the  detection  of  methyl  eugenol. 
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Safrol. 

Safrol  (shikimol  of  Eykman),  tlie  principal  constituent  of  sassafras  oil, 
is  contained  in  considerable  quantity  in  camphor  oil  and  has  been  found 
in  cinnamon  leaf  oil,  star  anise  oil  and  massoy  bark  oil.  It  is  the 
methylene  ether  of  an  ally!  pyrocatechin  CeHs-UsHstiJ.OOUHsCMl. 

ft  is  a  colorless  or  faintly  yellow  liquid  which  has  the  following 
properties,  according  to  observations  made  in  the  laboratory  of 
Sehimmel  &  Co. : 

B.  p.  283"  (750  mm.);  d»«  =  1.10K;  tim7»  =  1.58836. 

On  cooling  it  solidities  to  a  mass  of  crystals  which  do  not  melt 
until  +  11°.  Subjected  to  careful  oxidation  with  potassium  perman- 
ganate a  glycol  is  first  formed,  which  by  further  oxidation  is  converted 
into  homopiperonylic  acid  neH8.O0CH3.<'Hs.<'0OH  (m.  p.  127°); 
when  the  oxidation  is  effected  with  chromic  acid  mixture  piperonal 
(heliotropin)  and  piperonylic  acid  C«Ha . OOCHj . COOH  (ra.  p.  228°) 
are  obtained. 

Asarone  and  myristicin  ore  representatives  of  oleflnic  trioxy benzenes 
occurring  in  volatile  oils. 

Aha rone. 
Asarone  ipropenyl  trimethoxylienzene)  CeHa-OsHsHl.  (0CH«)«PAail, 
is  contained  in  the  oil  of  Asitrum  euro/i/ieum  and  has  recently  been  found 
in  matico  oil.  It  melts  at  62°,  yields  with  bromine  a  well  crystallized 
dibromide  {m.  p.  85— 86°)  and  is  converted  by  oxidation  with  potassium 
permanganate  into  nsarylie  acid  (trimethoxyl<enzoic  acid,  CeHs(OCHs)s- 
(,'OOH,  m.  p.  144°).  Its  synthesis  from  asarilic  aldehyde  has  been 
accomplished  by  Gattemiann  and  Eggers '  (1899). 


As  derivatives  of  a  tetratomic,  unsaturatetl  phenol  the 
apiols  CBH.CaHo.OaCHa.(OCHs)a  should  be  mentioned.  The  common 
(or  parsley)  apiol  (m.  p.  29.5— 30°)  is  contained  in  the  oil  of  parsley 
seed  and  in  that  of  the  Venezuelan  camphor  wood.  The  isomeric 
liquid  (or  dill  apiol)  is  obtained  from  the  high  boiling  fractions  of  the 
East  Indian  dill  oil.  The  latter  differs  from  the  former  by  yielding 
isoapiol,  m.  p.  44°,  when  heated  with  sodium  ethylate. 

■)  Berlchte.  82,  p.  290. 
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Compounds  Containing  Nitrogen  and  Sulphur. 

(Nitrite*,  Sulphide  Mustard  Oils.) 

Compound*  containing  nitrogen  and  sulphur  occur  frequently  when 
parte  of  plant*)  rich  in  albumhious  (protoplasm)  and  similar  substances 
are  distilled,  e.  g.  fresh  herbs  or  seeds.  The  more  volatile  compounds' 
such  as  ammonia,  trim  ethyl  amine,  sulphuretted  hydrogen  (given  off  in 
considerable  quantity  in  the  distillation  of  caraway),  and  hydrocyanic 
acid  escape  mostly  in  the  course  of  the  distillation,  and  are  dissolved 
in  small  quantity  in  the  aqueous  distillate.  Occasionally  they  combine 
with  constituents  of  the  oil. 

Hydrocyanic  acid,  the  nitrile  of  formic  arid,  is  formed  during  the 
distillation  of  a  large  number  of  plants.1  Together  with  benzaldehyde 
it  occurs  in  Plentronia  dicocca  and  Intligofera  galegoi/ies.  in  the  oils  of 
bitter  almonds,  cherry  laurel  and  wild  cherry  bark. 

The  nitrile  of  phenyl  acetic  acid  constitutes  the  principal  constituent 
of  the  oils  of  Tropaeolum  in/ijus  and  of  Lepidium  sativum;  the  nitrile 
of  phenyl  propionic  acid  in  the  oil  of  Nasturtium  officinale.  Gadainer,* 
however,  has  recently  shown  that  several  of  the  cruciferous  oils  contain- 
ing nitriles  in  place  of  isothiocyanates  are  products  of  decomposition 
rather  than  products  of  hydrolysis  of  the  underlying  glucosides.  When 
nitriles  are  obtained  upon  distillation  the  ferment  has  not  had  an 
opportunity  to  act. 

Of  carbon  dieulphide  small  amounts  have  been  found  in  the  oil  of 
black  mustard.  Dimethyl  sulphide  has  been  isolated  from  the  low 
boiling  portions  of  American  peppermint  oil.  Sulphides  and  poly- 
sulphides  have  l>een  found  besides  other  sulphur  derivatives  in  the  oils 
of  garlic  and  onion.  Vinyl  sulphide  and  its  polysulp  hides  constitute  the 
principal  constituent  of  Allium  iirsinuui. 

As  a,  separate  group  should  be  mentioned  the  esters  of  isothiocyanie 
avid,  which  are  characterized  by  their  pungent  odor,  and  which  are 
commonly  designated  as  mustard  oils.  Their  typical  representative  is  the 
common  (ally!)  mustard  oil  from  Ilrnssicu  nigra,  and  ft.  juneea.  It  has 
also  been  found  in  the  following  plants:  Allinrin  ofBcinalin.  ('ajtsella 
burxu,  pnntoris,  Ca.nlii.miue  «/).,  Sisymbrium  up.,  ('ochlenrm  nrmomcm 
and  Thlnspi  tirvense.  Secondary  butyl  mustard  oil  constitutes  the 
principal  constituent  of  the  oil  of  spoon  wort;  p-oxybeniiyl  mustard  oil 
(sinalbin  mustard  oil)  is  obtained  from  the  seeds  of  Simipis  alba; 
phenyl  ethyl  mustard  oil  has  been  found  in  the  oil  of  mignonette  root. 
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The  special  methods  of  tenting  the  more  important  volatile  oils  are 
described  in  detail  in  the  following  chapters.  In  order  to  avoid  repetition, 
however,  it  will  be  expedient  to  discuss  briefly  in  a  special  chapter  the 
general  methods  used  in  the  investigation  and  the  most  common 
adulterants  met  with. 

The  practice  of  adulteration  of  the  volatile  oils,  which  is  probably 
as  old  as  the  manufacture  itself,  had  in  the  beginning  a  certain  justifi- 
cation, as  with  the  incomplete  technical  equipment  of  the  early  times 
the  addition  of  fatty  oils,  terpentine  oil,  or  alcohol  was  often  necessary 
in  order  to  extract  from  the  plants  their  odorous  principle.  Later, 
when  the  preparation  of  the  pure  oils  was  already  known,  the  practice 
of  making  these  additions  was  still  retained. 

Even  thirty  yearn  ago,  it  was  customary  to  distill  coriander  with  the 
addition  of  orange  oil  and  to  put  the  distillate  on  the  market  as 
coriander  oil.  Since  pure  coriander  oil  can  now  be  prepared  without 
difficulty,  the  product  obtained  by  using  orange  oil,  as  it  is  found 
now  and  then  even  at  the  present  time,  must  be  considered  as  adulter- 
ated and  if  the  foreign  ingredient  is  not  made  known,  its  sale  is  a  fraud. 

The  adulteration  need  not  always  be  by  the  addition  of  a  less 
valuable  body,  it  sometimes  consist*  in  that  the  more  valuable  con- 
stituent of  the  oil  has  been  partially  removed.  The  effect  is  the  same, 
whether  from  a  caraway  oil  of  the  specific  gravity  0.910  so  much  carvone 
be  removed  that  an  oil  of  the  specific  gravity  0.890  remains  behind,  or 
whether  the  same  result  is  attained  by  the  addition  of  limonene  to  the 
same  oil. 

Although  the  adulterations  themselves  mostly  And  a  sufficient 
explanation  in  the  profitableness  and  the  pecuniary  advantage  to  the 
adulterator,  it  cannot,  however,  be  denied,  that  often  the  ignorance  of 
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the  consumer,  and  above  all  the  desire  to  buy  as  cheaply  as  possible,  is 
the  cause  of  the  spurious  composition  of  many  an  oil.  More  than  once 
the  producer  may  have  been  induced  to  adulterate,  because  befonnd  no 
buyers  for  his  pure  products  at  a  reasonable  price,  while  his  adulter- 
ating competitor  was  able  to  do  a  lucrative  business  at  lower  prices. 

The  main  reason  for  the  extensive  adulteration  to  which  volatile 
oils  have  been  subjected  at  times,  is  to  be  sought  in  the  fact  that  the 
detection  of  adulterants  was  very  difficult  and  often  entirely  impossible. 

Owing  to  the  development  of  the  chemistry  of  the  terpenes  and  their 
derivatives/great  progress  has  been  made  during  the  last  ten  or  fifteen 
years  in  the  detection  of  adulterations.  Knowing  the  composition  of 
not  a  small  number  of  volatile  oils,  it  haw  become  possible  not  only  to 
distinguish  between  a  pure  and  an  adulterated  oil,  but  also  to  judge 
the  quality  of  these  oils.  This  is  effected  by  estimuting  the  amount 
of  the  principal,  or  the  most  important  constituent.  In  lavender  oil, 
bergamot  oil,  petitgrain  oil  and  others,  the  amount  of  esters  present 
are  therefore  determined:  in  thyme  oil,  clove  oil,  bay  oil,  and  Cretian 
origanum  oil  the  amount  of  phenols  are  estimated ;  in  cassia  oil  and 
lemongrnss  oil  the  amount  of  aldehyde.  The  assay  of  san  tat  wood  oil 
shows  how  much  santnlol,  that  of  palmarosa  oil,  how  much  geraniol  is 
contained  in  the  oil.  The  quality  of  the  oils  named  finds  numerical 
expression  in  the  percentage  strength  of  the  active  constituents  such  as 
esters,  phenols,  aldehydes  and  alcohols. 

In  a  second  class  of  oils,  whose  composition  is  likewise  sufficiently 
known,  an  assay  is  not  yet  possible.  The  reason  for  this  is  twofold: 
first  the  value  of  the  oil  depends  not  upon  a  single  constituent  but 
upon  the  blending  of  the  properties  of  several :  and,  secondly  the  chemical 
methods  of  investigation  are  not  sufficiently  developed. 

With  these  oils,  the  examination  is  restricted  as  a  rule  to  the 
determination  of  the  normal  composition  of  the  oil  and  the  absence  of 
commonly  used  adulterants.  Such  (tils  are  lemon  oil,  orange  oil,  rosemary 
oil  and  spike  oil,   which  should  be  tested  particularly  for  turpentine  oil. 

The  incomplete  knowledge  of  the  composition  and  the  defectiveness 
of  the  methods  of  testing  most  of  the  oils,  do  not  at  present  allow 
of  an  investigation  resting  on  a  rational  chemical  basis.  With  this 
class  of  oils  the  entire  examination  consists  in  determining  the  physical 
constants.  As  the  average  and  limit  values  of  specific  gravity,  optical 
rotation,  solubility,  etc..  of  the  more  common  oils  are  well  known 
through  observations  extending  over  many  years,  variations  from  these 
values  call  the  attention  of  the  investigator  to  adulterants. 
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Indeed,  the  physical  behavior  of  an  oil  in  in  general  very  well  suited 
(o  indicate  rapidly  the  addition  of  foreign  substances :  the  investigation 
ot  volatile  oils  should  therefore  begin  with  the  determination  of  the 
physical  properties,  no  matter  whether  the  investigation  be  for  practical 
or  for  scientific  purposes.  After  this,  the  special  methods  are  to  l>e 
used,  mi  h  us  saponin  cation,  acetyl  iznt  ion,  aldehyde  and  phenol  deter- 
minations, and  flnafly,  if  it  appears  necessary,  the  tests  for  turpentine 
oil,  fatty  oil,  alcohol  or  petroleum  should  be  applied. 

It  is  of  course  evident  that  when  the  practical  value  of  an  oil  is  to 
lie  considered  the  examination  of  the  odor1  mid  the  taste  must 
accompany  the  chemical  investigation,  for  these  are  the  properties  on 
account  of  which  the  volatile  oils  are  used  in  the  perfume  and  soap 
industries,  in  the  manufacture  of  candies  and  liquors,  and  partly  at 
least  in  medicine. 

It  is  necessary,  or  at  least  greatly  to  be  desired,  to  have  for 
comparison  a  sample  of  a  genuine,  faultlessly  distilled  oil.  A  few  drops 
each,  of  the  genuine  oil  and  of  the  oil  to  lie  tested,  are  put  on  n 
strip  of  filter  paper,  and  compared  by  smelling  alternately  of  both. 
This  odor  test  is  repeated  after  the  larger  part  of  the  oil  has  volatilized, 
and  in  this  manner  easily  volatile  as  well  as  more  difficultly  volatile 
foreign  substances  may  he  recognised. 

It  iH  possible,  however,  to  give  only  a  very  imperfect  expression  in 
language  of  odor  anil  taste  iierceptions ;  moreover,  odor  and  taste  are 
purely  subjective  and  are  ako  quite  differently  developed  faculties  in 
each  individual.  The  perceptions  made  with  the  sense  of  odor  and  of 
taste  do  not  admit  of  expression  and  comparison  by  means  of  figures 
like  other  observations.  An  adulteration  may,  therefore,  lie  subjectively 
recognized,  but  cannot  be  objectively  proven.  A  good  sense  of  smell  is 
in  spite  of  this  limitation  of  great,  value  in  the  examination,  as  it  often 
directs  the  investigation  into  the  proper  channel  in  the  shortest  time. 

Poorly  distilled  oils,  possessing  an  empyreumatic  odor  or  "Blasen- 
geruch,"  or  oils  carelessly  kept  but  otherwise  unadulterated  are  almost 
altogether  recognized  by  the  sense  of  smell,  rarely  by  any  other  means 
of  investigation. 

Determination  of  the  Physical  Properties. 
Specific  gravity.     On   account   of  its    ready   determination   the 
specific  gravity  is  the  most  frequently  taken  and,  therefore,   the  best 

1)  Attention  may  here  he  tailed  to  the  i  mere*  tins  work  by  H.  Zwnanlemnker.  Die 
PhjBloloirle  den  Oernchn,  LelpitR.  1B9B. 
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known  property  of  the  volatile  oils.  Even  concerning  the  seldom  and 
little  investigated  oils  statements  of  their  density  are  to  be  found. 
Further,  as  the  maximum  and  minimum  values  of  the  more  commonly 
used  oils  are  fixed,  the  determination  of  the  specific  gravity  belongs  to 
the  most  important  and  also  easiest  means  of  investigation.  The 
specific  gravity  of  an  oil  is  changeable  within  certain  limits,  and  de- 
pendent, outside  of  age,  on  the  manner  of  the  distillation  and  also 
upon  the  source  and  the  state  of  ripeness  of  the  plant  material  used. 
The'extent  of  this  variation  is  so  different  in  the  individual  oils  that 
no  general  rules  can  be  formulated.  With  normal  bergamot  oil,  for 
instance,  the  specific  gravity  lies  between  0.883  and  0.886.  The  difference 
between  the  highest  and  the  lowest  density,  therefore,  amounts  in  this 
case  to  only  three  places  in  the  third  decimal.  As  a  rule,  however,  the 
limit  values  lie  much  further  apart. 

Most  oils  are  lighter,  some,  however,  heavier  than  water,  especially 
those  which  contain  larger  amounts  of  oxygenated  constituents  of  the 
aromatic  series  (e.  g.  wintergreen  oil,  clove  oil,  sassafras  oil).  The 
lowest  specific  gravity  of  all  volatile  oils  is  that  of  heracleum  oil  with 
0.800  and  of  rue  oil  with  0.883 ;  the  highest  is  that  of  wintergreen  oil 
with  1.187. 

The  determination  is  practically  performed  with  an  hydrostatic 
balance  u-ccording  to  Mohror  Westphal,1  as  the  accuracy  attained  with 
this  instrument,  if  rightly  handled,  is  sufficient.  When  only  small 
quantities  of  an  oil  are  at  disposal  a  pycnometer  is  used. 

In  the  determination  the  temperature  is  of  course  considered,  and 
usually  +15°  C*  is  selected  for  reasons  of  convenience.  Only  with  those 
oils  which  are  viscous  at  +15°,  or  wholly  or  partly  solidified,  the 
density  is  determined  at  a  correspondingly  higher  temperature. 

Optical  rotation.  The  optical  rotation  is  such  a  characteristic 
property  of  most  of  the  volatile  oils  that  its  determination  should  never 
lie  omitted  in  an  examination.  Especially  adapted  for  this  purpose  is 
the  half-shadow  polariscope  according  to  Laurent.8  If  the  dark  color 
of  the  oil  does  not  allow  of  making  the  observation  in  a  100  mm.  tube. 
which    is  that  usually  employed,  one  of  50  or  even   20  mm.  may    be 

1 1  The  hydrontntlc  balance  with  steel  axeu  by  F.  Sart«rlue,  tjflttlDRWD,  may  be 
eBueclally  recommended. 

»)  In  thin  book,  when  not  othi-rirlHti  Hinted,  the  statements  ol  the  specific  Rravlty 
are  fop  a  temperature  of  +  1(5°  ('. 

3)  With  regard  to  the  mn.nl  nil  la  tit. 
known  work  by  H.  Landolt,  "Don  or 
II.  Eillt..  nrniiimrhwelfc.  1SIIH. 
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need.  In  the  following,  aD  is  the  observed  angle  of  rotation  in  a 
100  mm.  tube  with  sodium  light,  and  [«]d  is  the  specific  rotation  as 
calculated  by  the  formula  [«]d=  i— j-  where  a  is  the  observed  angle  of 
rotation,  1  the  length  of  the  tube  in  millimeters  and  d  the  specific 
gravity  of  the  liquid.  When  no  special  mention  is  made  of  the 
temperature,  room  temperature  is  to  be  understood.  In  general  it  is 
not  necessary,  although  desirable,  to  make  the  observation  at  a  fixed 
temperature,  as  the  natural  variations  in  the  rotation  of  an  oil  are 
usually  greater  than  the  differences  due  to  a  variation  in  temperature 
of  several  degrees.  Exceptions  to  this  are  the  oils  of  iemon  and  orange, 
the  rotation  of  which  is  relatively  strongly  influenced  by  even  small 
changes  in  temperature.  It  is  necessary,  in  order  to  get  comparable 
figures,  to  determine  the  rotation  of  these  two  oils  at  +  20°  or  else  to 
reduce  the  result  to  this  temperature  by  calculation.  The  details  of  this 
will  be  found  in  the  description  of  these  oils  in  the  special  part. 

Refraction.  The  determination  of  the  index  of  refraction  nn  has 
been  recommended  by  several  investigators  for  the  examination  of  the 
volatile  oils.  Between  chemical  constitution  and  refraction  there  exist, 
as  is  well  known,  certain  relations,  and  in  many  cases  conclusions  as  to 
the  position  and  number  of  double  bonds  may  be  drawn  from  the  mole- 
cular refraction.  Chemical  individuals  carefully  purified  are,  however, 
necessary  in  order  to  obtain  useful  results.  AB  the  refractive  coefficients 
of  the  constituents  of  the  volatile  oils  are  on  the  whole  only  slightly 
different  from  each  other,  they  are  not  so  well  suited  for  the  detection 
of  adulterations  as  are  other  methods  of  examination.  The  addition  of 
turpentine  oil,  for  instance,  influen  es  the  refraction  of  lemon  oil  only 
slightly,  but  changes  the  rotation  to  n  marked  degree.1  As  the  refraction 
changes  rapidly  with  the  temperature,  this  must  always  he  considered 
in  making  observations  of  the  refractive  coefficients  of  volatile  oils. 

Congealing  point.  With  certain  oils,  especially  anise,  star  anise, 
fennel  and  rue  oils,  the  congealing  point  gives  a  good  basis  for  judging 
the  quality.  With  the  first  three  oils  a  high  congealing  point  shows  a 
large  content  of  anethol,  with  rue  oil  one  of  methyl  nonyl  ketone. 

The  determination  of  the  congealing  point  can  lie  very  well  performed 
with  Beckmann's  well-known  apparatus  for  the  determination  of  the 
molecular  weight  by  the  lowering  of  the  freezing  point.  A  few  slight 
changes  make  it  especially  suited  for  this  purpose. 
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They  consist, principally   iu   doing  away   with   the  cork  connections  which' 
hinder    the   tree   inspection    of   the    mercury   thread  of   the  thermometer.     The 
laboratory  of  Sehimmel  4  t'o.i  hat)  the  form  shown  in  fig.  52.    The  battery  jar 
A  servifi  an  the  receptacle  for  the  cooling  liquid  or  freezing  mixture.    The  glass 
tube  B  hanging  in  the  metal  cover  serves  as  an  air  jacket  for  the  freezing  tube 
C  and  prevents  the  premature  congealing  of  the  oil  to  be  Meted.    The  freezing 
tube  C  is  wider  at  the  top  and  becomes  narrower  at  the  place   where  it  rests 
on  the  edge  of  the  tube  It.     In  order  to  retain  C  in 
a  fixed  position   three  glass  projections  are  fastened 
ou  the  inside  of  the  tube  B,  about  5  cm.   below  its 
'  upper  edge.     The  thermometer,  'which  is  graduated 
into  half  degrees  is  held  in  position  in  a  metal  plate 
by    three   springs  which  allow  of  sliding  the   ther- 
mometer up  or  down. 

In  conducting  the  determination  with  anise  and 

star   anise   oil    the   buttery   jar   is  tilled    with  cold 

water  and  pieces  o[  ice,  but  witii  fennel  oil  a  freezing 

mixture  of  ice  and  salt  is  used.    Then  pour  into  the 

freezing  tube  so  much  of   the  oil   to  be  tested  that 

it  stands  at  a  height  of  about  5  cm.  in  the  tube 

and   bring  the  thermometer,  which   must  not  touch 

the  sides  of  the  tube  tit  any  place,  into  the  liquid. 

During    the   cooling    the    overcooled    oil    is   to    be 

protected  from   disturbances,  which   would   produce 

a  premature  eongealution.*    When  the  thermometer 

has   sunk    about    10°   below   the  congealing   point, 

(■with   anise  and   star  anise  oil    to   about  R  to  H°i 

crystallisation   is  to   be  induced    by   rubbing    and 

scratching  the  thermometer  against  the  sides  of  the 

tube.    If  this  proceeding  should  not  prove  successful 

a   small    crystal    of   congealed    oil     or    some    solid 

anethol     is    brought    into    the    liquid,     when    con- 

gealation   will   take  place  with    liberation    of   heat. 

The  solidification  is  hastened  by  continued  stirring 

it  utiui  nil*.  with  the  thermometer,  the  mercury  thread  of  which 

Fig.  ."•a.  rapidly  rises  and  finally  reaches  a  maximum  which 

is  called  the  congealing  point  of  the  oil. 

Behavior  on  boiling  and  fractional    distillat  on.     Inasmuch 

as  the  volatile  oils  are  mixtures  of  substances  with    different    boiling 

points  it  is  improper  to  speak,  as  is  so  often  done,  of  the  boiling  point 

of  a  volatile  oil.    It  is  more  correct  to  speak  of  it  boiling  temperature. 

by  which  is  meant  the  temperature  interval  within  the  limits  of  which 

the  oil  distills  over  in  n  single  distillation  from  an  ordinary  distilling 

i|  Berlrht  von  K.  ft  Co..  October  IN98,  p.  *». 

>)  A   premature  cotigeaJntiou  often   takes  place  when  the  oil   has  not  been  Altered 
clear,  nn  suspended  dust  partlctetf  may  give  rise  to  conK'.'i-tjilloii. 
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■  flask  (fig.  53)  without  the  application  of  a  fractionating  arrangement. 
A  thermometer  with  a  shortened  scale  and  with  the  entire  mercury 
thread  in  the  vapor  in  used. 

The  observations  recorded  by  different  observers  of  the  amounts  of 
the  same  oil  which  distill  over  between  certain  limits  of  temperature, 
seldom  agree,  because  t  he  results  are  not  only  greatly  influenced  by  the 
form  of  the  distilling  flask,  but  also  by  the  rapidity  of  the  distillation 
and  the  height  of  the  barometer.  It  is  therefore  necessary,  in  the 
examination  of  certain  fractions  of  individual  oils,  to  use  flasks  of  fixed 
s  and  to  observe  a  certain  rapidity  of  distillation.     For  testing 


t. 


Fig.  B«. 

lemon  oil,  rosemary  oil  and  spike  oil,  Scbinimel  &  Co.  use  distilling 
flasks  according  to  Ladenburg  of  the  dimensions  given  in  fig.  'A. i 
From  ">0  ec.  of  the  oils  mentioned,  5  cc.  are  distilled  over  in  hucIi  h 
manner  that  about  1  drop  falls  in  a  second,  and  the  distillate  tested  in 
the  polariscope,  as  will  be  described  more  in  detail  under  the  individual 
oils. 

When  the  different  constituents  are  to  be  isolnted  from  an  oil,  the 
fractional  distillation  must  be  repented  many  times  and  preferably  by 
employing  one  of  the  well  known  distilling  columns.     It  is  hest,  in  order 
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to  avoid  decomposition,  to  distill  the  fractions  boiling  above  200°  in 
vacuum.  Oils  containing  esters  must  first  be  saponified,  as  the  acids, 
which  are  easily  split  off  by  the  boiling,  disturb  the  fractionation  and 
may  act  upon  the  other  constituents  of  the  oils. 

Solubility.  The  volatile  oils  are  readily  soluble  in  the  ordinary 
solvent*,  such  as  alcohol,  ether,  chloroform,  benzene,  acetic  ether,  carbon 
disulphide,  petroleum  ether,  paraffin  oil  etc.  Mention  of  this  general 
property  is  not  made  in  the  description  of  the  individual  oils.  A 
phenomenon  which  is  sometimes  considered  as  an  incomplete  solubility 
may  be  mentioned  here.    The  turbidity  noticed   by  mixing  certain  oils 


Ft*.  54. 

with  petroleum  ether,  paraffin  oil  or  carbon  disulphide  is  caused  by  the 
smalt  amount  of  water  which  the  oils  have  retained  from  their  prepar- 
ation. The  richer  an  oi!  is  in  oxygen,  the  more  water  it  is  capable  of 
dissolving  and  the  more  cloudy  does  it  become  with  petroleum  ether.1 
The  turbidity  does  not  take  place  when  the  oil  has  been  thoroughly 
dried  with  anhydrous  sodium  sulphate. 
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Although  all  oils  are  readily  soluble  in  strong  alcohol,  only  some  of 
tliem  are  entirely  soluble  in  dilute  alcohol.  For  the  last  class  this 
property  becomes  a  practical  and  rapid  means  of  examination.  The 
presence  of  the  difficultly  soluble  turpentine  oil  can,  for  instance,  be 
readily  shown  in  this  manner  in  the  oils  soluble  in  70  percent1  alcohol. 
The  solubility  determination  is  very  simple. 

Bring  into  a  small  graduated  cylinder  (fig.  55)  %—  1  cc.  of  the 
oil  to  be  tested  and  add  small  portions  of  the  alcohol  at  a  time 
until  with  vigorous  shaking  solution  is  effected. 

If  an  oil  which  is  soluble  under  normal  conditions  does 
not  dissolve,  it  is  sometimes  possible  to  draw  conclusions  as 
to  the  adulterant  from  the  character  of  the  turbidity  and 
the  separation  of  the  insoluble  part.  Petroleum  floats  on 
the  70  percent  alcohol,  whereas  fatty  oil  settles  in  drops  at 
the  bottom. 

Dowzard"  suggests  that  the  "solubility  value"  be  deter- 
mined by  dissolving  5  cc.  of  an  oil  in  10  cc.  of  alcohol,  «p.  gr. 
0.799,  and  diluting  with   water  from   a   burette  until   the 
solution  becomes  turbid.    By  multiplying  the  number  of  cc.  of  water  by 
100  the  "solubility  value"  is  obtained. 

Duyks  recommends  the  use  of  a  solution  of  sodium  salicylate  in 
water  1:1.  The  alcohols,  aldehydes,  and  ketones,  are  much  more  soluble 
than  the  sesquiterpene  hydrates,  phenol  ethers  and  esters.  The  hydro- 
carbons are  practically  insoluble.  In  special  cases  this  solution  may 
prove  valuable. 

Chemical  Methods  of  Testing. 

The  rational  examination  of  a  volatile  oil  in  a  chemical  manner  is 
only  then  possible,  when  its  composition  or  at  least  its  main  constituents 
are  known.  The  chemical  investigation  must  be  directed  as  much  as 
possible  toward  the  isolation  and  quantitative  estimation  of  the  con- 
stituents recognized  as  being  the  most  valuable.  The  methods  of  testing 
must,  therefore,  conform  to  the  analysis  of  the  oil.  If  this  really  self- 
evident  supposition  had  earlier  been  generally  recognized,  those  methods 
of  investigation,  which  are  designated  as  quantitative  reactions,  as  lor 
instance  the  iodine  absorption,  or  Maumen£'s  sulphuric  acid  test,  which 

i)  The  statement*  In  this  book  always  refer  t. 
corresponds  to  the  Spiring,  KDd  TO  percent  to 
Pharmacopoeia, 

»)  Chemlet  *  Druggist,  58,  p.  749. 

*)  Ball.  At  I'Acsd.  Roy.  d»  Mid.  de  BeWque.  IS 
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had  given  good  results  with  the  fatty  oils,  would  not  have  been  applied 
offhand  to  the  volatile  oils. 

The  fatty  oils  are  a  group  of  chemically  closely  related  bodies ;  they 
are  glycerides  of  the  fatty  and  oleic  ncid  series.  The  constituent*  of  the 
volatile  oils,  however,  recruit  themselves  from  the  greatest  variety  of 
classes  of  bodies.  Among  them  may  be  found  terpenes,  sesquiterpenes. 
paraffins,  alcohols,  aldehydes,  ketones,  phenols,  ethers  and  esters.  It 
should  be  no  matter  for  surprise,  therefore,  that  the  methods  of  testing 
which  are  useful  with  the  fatty  oils,  fail  completely  with  the  volatile 
oils'.  Nor  is  there  any  sense  in  subjecting  the  fatty  and  the  volatile  oils 
to  the  same  reactions,  just  because  they  both  bear  the  same  designation 
"oils." 

The  application  of  Hubl's  iodine  addition  method  to  volatile  oils 
has  been  recommended  by  Barenthin1  (1886),  Krernel1'  (1888),  Williams* 
(1889),  Davies*  (1889)  and  Snow"  (1889).  By  a  direct  comparison  of 
the  results  of  these  separate  observers  it  could  not  have  been  difficult 
for  Cripps6  (1889)  to  show  the  utter  uselessness  of  this  method. 

The  use  of  bromine  in  place  of  iodine  was  first  suggested  by 
Levallois?  (1884)  and  later  by  Klimonts  (1894). 

In  Mmiiiierif'Js  test  the  fatty  oil  to  be  investigated  is  mixed  in  a 
certain  proportion  with  concentrated  sulphuric  acid  and  the  rise  in 
temperature  which  takes  place  is  observed.  Its  application  to  volatile  oils 
was  recommended  by  Williams9  (1890)  ha  well  as  by  Duyk10  (1897) 
but  it.  has  found  just  as  little  favor  in  practice  as  the  others  named 
above. 

With  these  methods  are  to  be  classed  also  the  much  recommended 
color  reactions.  They  mostly  consist  in  bringing  together  a  volatile  oil 
and  e.  g.  sulphuric  acid  or  nitric  acid,  whereby  some  eoloration  is  pro- 
duced, which  only  in  rare  cases  can  be  ascribed  to  a  definite  chemical 
change.  As  the  shades  of  color  produced  are  difficult  to  describe,  and 
often  change  from  one  to  the  other  and  may  therefore  easily  give  rise 
to  mistakes,  the  color  reactions  in  general  are  to  be  designated  as  use- 
less. This  does  not  exclude,  however,  the  occasional  use  of  a  color 
reaction  in  the  detection  of  adulterants.  It  is,  however,  never  to  be 
considered  as  conclusive  in  itself. 

i>  Archly  d.  Pharm..  224.  p.  H4K.  «)  Chera.  New*  80.  p.  286. 

>)  Fhann,  Poat,  21,  pp.  T89,  821.  *)  Compt.  rend.,  UB,  p.  07". 

■  )  OJiem.  Newt,  60,  p.  ITS.  n|  Oiemlker  Zeltunit.  IS,  p.  641. 

»)   I 'harm.  Journ.,  III.  19.  p.  821.  •)  Chem.  News,  61,  p.  64. 

")   Pharm.  Journ.,  Ill,  20,  p.  4.  ">)  Bull,  de  i'Acatl.  my.  de  mod.  de  Belglque. 
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Besides  the  methods  of  tenting  already  enumerated,  many  others 
have  been  suggested  in  the  course  of  time,  which  however  have  acquired 
as  little  practical  importance  tis  these.  Only  such  methods  are  here  to 
be  discussed  as  have  really  proven  satisfactory  in  the  investigation  of 
volatile  oils. 

Saponification.  Through  scientific  investigation  it  hue  Iteen 
established  that  many  volatile  oils  contain  ester-like  compounds,  the 
components  of  which  are  alcohols,  usually  of  the  composition  CioHisO 
or  ('10H20O  on  the  one  hand,  and  acid  radicals  of  the  fatty  series,  on 
the  other. 

The  esters,  which  are  nearly  without  exception  of  a  pleasant  odor,  are 
often  to  be  considered  as  the  most  important  constituents  of  the  oils. 
Thus,  linalyl  acetate  is  the  carrier  of  the  odor  in  bergamot  oil;  the  same 
ester  is  found  in  lavender  oil  Jind  also  occurs  along  with  other  compounds 
in  petit-grain  oil.  The  esters  of  borneol,  found  in  the  different  pine-ueedle 
oils,  play  an  important  part  in  the  formation  of  the  pine  aroma. 
Menthyl  acetate  is  found  in  the  peppermiot  oils  and  the  geranyl  ester 
of  tigltcncid  in  the  different  geranium  oils.  The  quantitative  estimation 
of  the  ester  is  always  valuable  for  judging  the  oils,  even  when  the 
esters  are  of  little  consequence  to  the  odor.  Hut  much  more  important, 
and  really  the  only  rational  method  as  a  test  of  quality  is  the  determin- 
ation in  all  cases  where  the  esters  are  the  carriers  of  the  characteristic 
odor,  as  with  bergamot  oil  and  with  lavender  oil.  The  estimation  is 
made  according  to  the  method  of  quantitative  saponification,  as  it  has 
long  been  used  in  the  analysis  of  the  fats.  Its  Application  to  the 
volatile  oils  was  first  made  by  A.  Kremel 1  (1HHN).  This  suggestion  did 
not  reach  a  practical  importance  until  through  scientific  investigation 
the  nature  of  the  saponifiable  compounds  was  learned. 

Kremel  distinguishes  acid  number  (8.  Z.),  ester  number  (E.  Z.J,  and 
saponification  number  (V.  Z.).  The  acid  number  expresses  how  many 
mg.  KOH  nre  necessary  to  neutralize  the  amount  of  free  acid  contained 
in  1  g.  of  oil.  The  ester  number  gives  the  amount  of  potossa  in  milli- 
grams used  in  the  saponification  of  the  ester  contained  in  1  g.  of  oil. 
The  saponification  number  is  the  sum  of  acid  number  and  ester  number. 
As  the  volatile  oils  usually  contain  only  a  small  amount  of  free  acid, 
this  may  in  general  be  neglected.  Only  old,  partly  spoilt  oils,  tend  to 
show  somewhat  higher  acid  numbers. 

It  must  be  mentioned  that  in  all  oils  which  contain  aldehydes,  the 

i)  Pbarm.   PoM,  21.  pp.  7RS»,  821. 
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enter  determination  by  saponification  cannot  he  made,  as  a  consumption 
of  alkali  takes  place  which  increases  with  the  length  of  the  reaction,  due 
to  the  decomposition  of  the  aldehyde,  but  which  gives  no  information 
as  to  the  amount  of  aldehyde  decomposed. 

Tint  saponin cation  is  conducted  in  a  wide  necked  flask  of 
potush  glass  of  10(1  cc.  capacity  Ifig.  5(1).  A  glass  tube 
about  1  in.  in  length  and  passing  through  a  stopper  serves 
as  a  reflux  condenser.  About,  2  g.  of  oil  are  weighed  accur- 
ately to  1  eg.  into  such  a  flask  and  10  to  20  cc.1  of  an 
henii  normal  alcoholic  potassa  solution  are  added.  Previous 
to  this  the  oil  should  Is-  tested  For  Free  acid,  ait  alcoholic 
solution  oF  phenol phthaleln  being  used  as  indicator.  The 
flask  provided  with  the  condensing  tube  is  heated  (or  half  an 
hour*  on  a  steam  bath,  and  after  eooling,  the  contents  are 
diluted  with  about  50  cc.  of  water  and  the  excess  of  alkali 
titrated  back  with  half  uormal  sulphuric  acid. 

From  the  saponification  number  found,  the  percent- 
age content  of   esters  of   the  formula    CioHuOCOCHs 
and  C]<.H,8OCOCHs  may  be  read  directly  in  the  tables 
to  be  found  on  page  204  at  the  end  of  this  chapter. 
Acetylization.    Many  volatile  oils  contain  as  im- 
■     'a  portant  constituents  alcohols  of  the  formula  CtoHisO 

and  f'mHgoO,  for  instance,  borneol.  geraniol,  terpineol, 
linaliiul,  thujylaicohol,  menthol  and  citronellol.  For  the  quantitative 
estimation  their  behavior  toward  acetic  acid  anhydride,  with  which  they 
form  acetic  esters  when  heated,  may  \w  used.  The  reaction  takes  place 
according  to  the  equation : 

CiaH1sO  +  (<:HaCO|aO  =  nioHiTOUO<'Hs  +  rHsOOOH. 
The  reaction  is  quantitative  with  borneol,  geraniol   (Bertrnm   and 

i)  In  most  runes  10  cc.  are  nil  III  c  lent,  only  with  unknown  oils  211  cc    of  nlku.lt  solution 
nn>  taken. 

la  he  certain  In  nil  cases,  the  heating  can  be  continued  somewhat  longer,  without 
detrimental  effect.  Compare  Bericht  von  Schlmmel  £  Co.,  October  1893,  p.  18.  The 
method  used  by  Helblng  (Helblngs  Pharmacologies  I  Record.  So.  BO,  p.  4)  of  saponifying 
ln  a  closed  vessel,  consequently  under  pressure,  gave,  as  the  experiments  by  Schlmmel  A 
r<>.  show,  lor  bergamot  oil  from  1—2  percent  higher  results  than  did  the  saponification 
In  an  open  flank.  The  reason  for  this  !«.  that  when  saponified  under  pressure  the 
llnalool  Is  attacked  by  the  potassa.  which  la  thereby  used  up,  while  by  boiling  with 
potassa  In  an  open  flask  the  alcohol  Is  not  affected.  Later  (1S9B).  Helblng  and  Pass- 
more  {Them.  &  Drug.,  47.  p.  .185)  coroborated  that  the  saponification  In  an  open  vessel 
with  a  reflux  condenser  was  preferable  to  saponification  In  an  autoclave.  Neither  does 
the  so-called  cold  saponification  appear  to  be  applicable  to  volatile  oils.  Moreover,  It 
has  the  disadvantage  of  requiring  a  longer  time.  For,  according  to  Henrique*.  (Zelt- 
schrirt  fir  angewandte  Chemle.  1H9T,  p.  899)  llnalool  after  12  hours  action  of  the 
alkali  gave  the  saponification  number  4.2.  and  geraniol  hy  the  same  treatment  one  of  2.8. 
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Gildemeister,1  1804)  and  menthol  (Power  and  Klaber,8  1894)  and  makes 
an  accurate  determination  of  these  bodies  possible.8  Leas  fortunate  are 
the  conditions  with  linalool  and  terpineol  as  these  on  boiling  with  acetic 
acid  anhydride  are  partly  decomposed  by  splitting  oft  water  with  the 
formation  of  terpen es.  Comparative  figures  can, however,  be  also  obtained 
with  these  alcohols,  if  the  same  amount  of  acetic  acid  anhydride  is 
always  used  and  the  boiling  continued  for  the  same  length  of  time. 
With  linalool  there  was  found  as  a  favorable  result  after  2  hours  of 
boiling,  a  deficiency  of  15  percent  of  alcohol.* 

Terpineol  behaves  toward  acetic  acid  anhydride  as  follows: 
Time  of  boiling:  Terpiny]  acetate  Formed: 

111  minutes  51.2  percent 

30        "  75.5 

45       "  84,4 

2  hours  77.9 

With  terpipeol,  therefore,  heating  longer  than  45 
minutes  has  a  detrimental  effect. 

Acetic  acid  anhydride  acts  differently  on  aldehydes. 
While  citronellal  is  converted  quantitatively  into  iso- 
pulegol  acetate,  with  citral  there  are  formed  indefinite 
amounts  of  saponin"  able  products'*  as  yet  unknown. 

.For  the  quantitative  acet.vliEat.ion"  10  to  20  cc.  of  the 
oil.  mixed  with  an  equal  volume  of  acetic  acid  anhydride 
and  1 — 2  g.  of  dry  sodium  acetate,  are  boiled  uniformly  From 
1 — 2  hours  in  a  small  flask  provided  with  a  condensing  tube 
which  is  ground  into  the  neck  of  the  flask  (flg.  57).  After 
cooling,  some  water  is  added  to  the  contents  of  the  Mask  and 
then  heated   From  Jj  to  (4  hour  on   a  water  bath,   to  decom-  fIr.  57. 

pose  the  excess  of  the  acetic  acid  anhydride.     The  oil  is  then 
separated  in  a  separating  funnel,  and   washed   with  soda  solution  and  water 
until    the   reaction    is    neutral.      Of    the   ocet.ylised    oil    dried    with    anhydrous 
sodium    sulphate   2  g.   are  saponified    according   to  the   method    described   on 


>)  Journ.  f.  prakt.  (hem..  II,  +fi,  p.  ISO. 

*1  Pharm.  Rundsch.,  13,  p.  182;   Archlv  d.  Pharm.,  282,  p.  6B8. 

i)  Even  with  these  alcohols  as  Indiscriminate  application  or  tbls  otherwise  excellent 
method  to  all  oils  containing  them  should  be  avoided.  It  In  known  that  acetic  avid 
combine*  with  tarpenee  to  form  oeetatSHOl  corresponding  alcohols.  In  fact  preltinlnary 
experlments  show  that  plnene  and  llmonene  mar  assay  In  part  an  alcohol  when  thin 
method  Is  used.    £.  K. 

*)  Berlcbt  von  B.  ft  Co.,  April  1898,  p.  SB. 

»)  Berlcht  von  S.  ft  Co..  Oct.  189fl,  p.  ft*. 

•)  Berlcht  von  8.  ft  Co..  Oct.  1894.  p.  88. 
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page  104.  The  amount  of  alcohol,  based  on  the  original  unacetylized  oil, 
corresponding  to  the  n«po  n  i  flea  ti  oil  number,  can  be  found  in  the  tables  on  page 
21)4  at  the  end  or  thin  chapter. 

Aldehyde  determination.  The  quantitative  determination  of 
cinnnmic  aldehyde  depends  on  its  property  to  form  a  water  soluble 
addition  product  with  an  excess  of  sodium  bisulphite.  When  a  known 
amount  of  an  oil  containing  cinnamic  aldehyde  is  shaken  sufficiently 
long  with  a  hot  concentrated  bisulphite  solution,  the  aldehyJe  content 
of  the  oil  in  about  equal  to  the  decrease  in  volume.  The  manipulation 
of  the  aldehyde  determination  and  the  necessary  apparatus  are  described 
in  detail  under  cassia  nil  (see  this).  Citral  behaves  similar  to  cinnamic 
aldehyde,  and  is  able  to  form  a  water  soluble  bisulphite  addition  pro- 
duct. 'Hie  same  method  is,  therefore,  applicable  to  oils  rich  in  citral, 
as  for  instance,  lemongrass  oil. 

For  the  determination  of  the  aldehydes  in  lemon  oil  this  method 
is,  however,  not  suited,  on  account  of  the  formation  of  the  citronellnl 
addition  product,  which  is  insoluble  in  water  and  floats  partly  in  the 
aqueous,  partly  in  the  oily  layer  and  makes  an  accurate  reading 
impossible.  Besides,  the  bisulphite  method  is  hardly  accurate  enough 
for  lemon  oil,  as  this  contains  only  6 — 8  percent  of  aldehydes. 

Another  method,  to  determine  the  carbonyl  oxygen  and  thus  the 
aldehyde  and  ketone  content  in  volatile  oils  has  been  worked  out  by 
Benedikt  and  Stracbe1  (1883).  The  oil  to  be  investigated  is  heated 
with  a  weighed  amount  of  phenyl  hydrazine,  after  some  time  the  hydro- 
zone  which  has  formed  is  separated  by  filtration,  and  the  unchanged 
phenyl  hydrazine  in  the  filtrate  oxidized  with  boiling  Fehling's  solution. 
By  this  treatment  all  the  nitrogen  of  the  phenyl  hydrazine  which  has 
not  taken  part  in  the  reaction  is  liberated  as  gas.  From  the  volume 
of  the  collected  nitrogen  the  amount  of  the  unused  phenyl  hydrazine  can 
be  calculated.  From  this  the  amount  which  has  gone  into  combination 
is  known  and  consequently  the  amount  of  the  ketone  or  aldehyde 
present.  The  amount  of  carbonyl  oxygen,  expressed  in  Vio  percent*  is 
designated  as  carbonyl  number. 

With  bitter  almond  oil  (henzaldehyde),  cumin  oil  (cum info  aldehyde), 
and  rue  oil  (methyl  nonyl  ketone)  this  method  yields  fairly  good  results. 
With  cassia  oil,  caraway  oil,  fennel  oil  ami  lemon  oil,  however,  the 
determinations  fall  far  too  low.2 
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The  problem  of  a  general  method  for  determining  the  aldehyde  and 
ketone  content  of  volatile  oila,  is  therefore  not  yet  satisfactorily 
solved.  Perhaps  it  is  possible  to  reach  better  results  by  suitable  changes 
in  tbe  method  described. 

A  method  devised  by  Kremers  and  Schreiner  specially  for  the 
estimation  of  carvone  in  carv one-containing  oils  will  be  discussed  under 
caraway  oil. 

Phenol  determination.  For  an  approximately  accurate  phenol 
determination  in  volatile  oils,  the  property  of  the  phenols  to  combine 
with  alkalies  to  form  compounds  which  are  soluble  in  water,  is  used. 
If  a  measured  quantity  of  an  oil  is  shaken  with  a.  solution  of  alkali, 
the  content  of  phenols  can  be  approximately  determined  front  the 
diminution  in  volume.  The  soda  solution  is  to  be  five  percent.  A 
greater  concentration  is  not  allowable,  as  stronger  phenol-nlkali  solutions 
take  up  relatively  large  amounts  of  the  remaining  constituents  of  the 
oil,  and  thus  give  results  which  are  too  high.  The  manipulation  of 
such  a  determination  is  described  under  thyme  oil. 

Thymol  and  carvacrol  are  determined  by  Kremers  and  Schreiner1 
(1896)  quantitatively  in  volatile  oils,  by  precipitating  the  phenols  from 
the  alkaline  solution  as  their  iodine  compounds  and  titrating  back  the 
iodine  added  in  excess.  The  details  of  this  method  can  be  found  under 
thyme  oil. 

Schryver2  has  based  a  new  method  for  the  determination  of  phenols 
on  the  fact  that  hydroxy  compounds  liberate  ammonia  from  sodium 
amide.  The  determination  of  thymol  in  oil  of  thyme  and  of  eugenol 
in  clove  oil  is  reported  to  give  good  results. 

According  to  Thorns8  (1891)  eugenol  is  quantitatively  changed  to 
benzoyl  eugenol  and  weighed  as  such.  This  method  is  especially  to  l>e 
recommended  with  clove  oil  aud  the  oil  of  cinnamon  leaves,  as  slinking 
out  with  alkali  gives  results  which  are  too  high.  The  manipulation  for 
Thorns'  method  for  estimating  eugenol  is  given  under  clove  oil. 

Methyl  number.  A  number  of  volatile  oils  contain  as  important 
constituent*  methyl  and  ethyl  ethers  of  phenols  and  acids,  the  alkyl 
groups  of  which  can  he  determined  according  to  Zeisel's  method*  (18H."i). 
Itenedikt  and  Grussner0  (1889)  have  recommended  the  quantitative 
methoxyl  determination  for  the  practical  and  scientific  investigation  of 
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volatile  oils,  and  shown  its  usefulness  by  a  series  of  illustrations.  They 
designate  as  methyl  number  that  number  which  tells  how  many  tng.  of 
methyl  1  g.  of  substance  splits  off  when  boiled  with  hydriodic  acid. 
Ethyl  or  propyl  and  isopropyl  are  here  considered  as  having  been 
replaced  by  the  equivalent  amount  of  methyl.  The  weighed  amount  of 
silver  iodide  is  therefore  in  all  cases  calculated  as  methyl. 

The  va|K>rH  of  methyl  iodide  formed  by  boiling  from  0.2  to  0.3  g.  of  the 
oil  to  be  investigated  with  hydriodic  acid  (sp.  gr.  1.70,  to  which,  according 
to  Herzig1  (18H8|  8  percent  of  acetic  acid  id  added)  are  first  passed  through 
Home  warm  water  in  which  some  phosphorus  is  suspended,  so  hs  to  retain  any 
iodine  vapors  which  may  have  been  carried  over.  After  the  methyl  iodide  has 
passed  through  this  apparatus  it  is  passed  into  an  alcoholic  notation  of  silver 
nitrate  and  the  separated  silver  iodide  weighed. 

A  very  convenient  apparatus  has  been  designed  by  L.  Ehmann3 
(1H90)  for  carrying  out  thiB  determination. 

Gregor8  (1898)  has  recently  suggested  to  replace  the  phosphorus 
suspended  in  water  by  a  solution  of  one  part  each  of  potassium 
bicarbonate  and  arsenous  acid  in  10  parts  of  water,  by  which  not  only 
the  iodine  vapors  but  also  any  hydriodic  acid  carried  over  is  retained. 
For  collecting  the  methyl  iodide  Gregor  uses  a  Mo  normal  silver  nitrate 
solution  which  has  been  acidified  with  nitric  acid  and  titrates  back  the 
silver  not  used  for  the  precipitation  of  the  silver  iodide  with  Wi>  normal 
potassium  sulphocyanate  solution  according  to  Volhard. 

Of-  the  oils  investigated  by  Benedikt  and  Griissner  the  following 
gave  no  methyl  numbers:  the  oils  of  wormwood,  bitter  almond, 
angelica,  bergamot,  caraway,  lemon,  copaiba- balsam,  coriander,  cubeb. 
elemi,  eucalyptus,  geranium,  juniper,  cherry  laurel,  lavender,  spearmint, 
peppermint,  olibanum.  oil  of  Piniis  montana,  savin,  East  Indian  und 
West  Indian  sandalwood,  turpentine  and  valerian. 

High  methyl  numbers  were  given  by  anise  oil,  star  anise  oil  and 
fennel  oil  on  account  of  their  content  of  anethol  and  methyl  chavicol. 
hy  clove  oil,  and  oil  of  cinnamon  leaves  on  account  of  their  content  of 
eugenol.  With  wintergreen  oil  the  high  methyl  number  is  due  to  the 
methyl  salicylate,  with  parsley  oil  to  the  apiol. 

The  determination  is  only  applicable  with  oils  absolutely  free  from 
alcohol,  as  ethyl  alcohol  itself  gives  a  methyl  number,  from  which  it 
follows,    that    this    method    may    also    be    used    for    the    quantitative 
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estimation  of  alcohol  in  those  oils  which  in  their  pure  condition  do  not 
contain  any  methoxyl  groups.1 


The  Detection  of  Some  of  the  More  Common  Adulterants 

Turpentine  oil.  Turpentine  oil  may  l*e  considered  as  the  adulter- 
ant most  often  used.  Very  often  it  can  be  recognized  by  its  character- 
istic odor,  especially  in  those  oils  which  contain  no  pinene,  as  this  is 
the  main  constituent  of  turpentine  oil.  In  general,  its  presence  causes 
changes  in  the  specific  gravity,  solubility,  boiling  temperature  and 
optical  rotation.  It  must  here  be  remembered  that  there  are  dextro-  as 
well  as  laevogyrate  turpentine  oils. 

The  positive  proof  of  the  presence  of  turpentine  oil  in  oils,  which  in 
their  pure  state  contain  no  pinene,  is  furnished  by  the  isolation  of  and 
characteristic  derivatives  ■  of  pinene.  The  constituents  boiling  in  the 
neighborhood  of  160°,  are  fractionated  out  and,  according  to  the  method 
described  on  page  100,  the  pinene  nitrosochloride,  as  well  as  pinene 
nitrolbenzylamine  or  pinene  nitrol  piper  id  ine  are  prepared, 

If  pinene  is  a  normal  constituent  of  the  oil,  the  addition  of  turpentine 
oil  can  be  recognized  by  a  comparison  of  the  physical  properties  of  the 
lowest  boiling  fractions  of  the  adulterated  oil  with  the  corresponding 
portions  of  the  pure  oil.  The  detection  of  turpentine  oil  in  roeemary 
oii  furnishes  an  example  (see  this). 

Cedar  wood,  copaiba  and  gurjun  balsam  oils.  On  account  of 
their  cheapness  and  faint  odor,  these  three  oils  belong  to  the  inoet 
favored  and  the  most  dangerous  of  adulterants.  They  may,  however, 
be  detected  without  difficulty  in  most  cases  by  means  of  their  physical 
properties,  which  differ  from  those  of  many  of  the  volatile  oils,  namely 


il  The  methyl  irambim  of  some  of  the  ullu  Investigated  by  Jlenedlkt  and  G 
can  only  be  explained  by  the  presence  of  alcohol.  It  In  greatly  to  be  regretted,  that  the 
phynli'u]  properties  of  the  Investigated  olla  are  Dot  given,  and  their  parity  cannot  there- 
fore be  lodged.  With  the  Ceylon  cinnamon  oil  designated  as  So.  '2'I  In  the  article  cited. 
Henedlkt  and  GrOssner  calculate  from  the  methyl  number  found,  35.7,  a  engenol  content 
of  28.1  percent.  Aa  jm™  Ceylon  cinnamon  oil  contain*  only  4 — S  percent  of  eugenol,  It 
follow*  from  the  determination  (providing  that  the  methyl  number  Is  due  only  to 
engenol).  that  the  oil  n-im  adulterated  ivlth  the  oil  of  cinnamon  leave*,  which  1*  rich  In 
eugenol.  Prom  this  Illustration  It  may  be  seen  that  the  reported  methyl  numbers  are 
to  be  used  with  care.  It  would  therefore  be  a  valuable  place  of  Investigation  to  repeat 
these  determinations  on  oUe  whose  purity  could  be  previously  determined  In  another 
manner.  In  order  to  give  to  thla  really  fine  method  the  basin  neceaaary  for  practical 
purposes.  For  ths  scientific  Investigation  of  the  volatile  olla  the  methoryl  determination 
Is  extremely  valuable  as  It  gives  Information  of  the  presence  or  absence  of  phenol 
ethers  or  adit  eaters,  which  contain  a  methyl,  ethyl,  or  propyl  group. 
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their  difficult  solubility  in  70  to  90  percent  or  even  stronger  alcohol , 
their  high  specific  gravity  (above  0.900),  their  high  boiling  temperature, 
above  250°,  ni.il  finally  their  rotatory  power. 

All  three  oila  turn  the  plane  of  polarized  light  more  or  leas  to  the 
left.  With  copaiba  balsam  oil  the  angle  of  rotation  «0  lies  between— 7 
and  —  85°, *  with  cedar  wood  oil  between  —  80  ami  —  40°,  and  with 
gurjun  balsam  oil  between  —  85  and  —  180°(l). 

At  present  only  copniba  balsam  oil  can  be  detected  in  a  chemicnl 
way,  in  that  the  fraction  boiling  about  200°  is  converted  into  earyo- 
phyllene  hydrate  melting  at  94— 90°,  or  into  caryophyllene  nitrolpiper- 
idine  (wee  p.  125)  melting  at  141—148°,  or  into  caryophyllene  nitrosite 
and  the  corresponding  nitrol  benzyl  amine  base  (see  p.  120).  Ab  yet  no 
characteristic  derivatives  of  the  sesquiterpenes  of  cedar  wood  and  gurjun 
balsam  oils  are  known. 

Alcohol.  The  addition  of  alcohol  to  a  volatile  oil  always  results 
in  n  lowering  of  the  specific  gravity.  When  an  oil  containing  alcohol  is 
dropped  into  water,  the  drops  do  not  remain  clear  and  transparent,  as 
is  the  case  with  pure  oils,  but  become  opaque  and  milky. 

For  the  definite  identification  of  alcohol  the  suspected  oil  is  heated 
until  it  just  begins  to  boil,1  and  the  flint  few  drops  that  conn*  over  un- 
collected in  a  test  tube  and  filtered,  to  remove  an.v  oil  globules  which  may  also 
have  come  over,  through  a  filter  moistened  with  water.  The  filtrate  is  made 
strongly  alkaline  with  dilute  potassa  solution,  and  treated,  after  heating  to 
50 — 60°.  with  a  solution  of  iodine  in  potassium  iodide,  until  the  solution 
remains  slightly  yellow.  If  alcohol  is  present  small  crystals  of  iodoform  will 
wparate  in  a  short  time  at  the  bottom  of  the  liquid.  It  must  here  be  remembered 
that  other  bodies,  such  as  aldehydes,  acetone  and  acetic  ether  also  yield  iodo- 
form under  the  given  conditions. 

Larger  amounts  of  alcohol  may  be  removed  from  volatile  oils  by 
shaking  with  water,  from  which  the  alcohol  may  lie  agnin  removed  by 
distillation  and  identified  by  the  iodoform  reaction.  If  the  shaking  out 
is  done  in  a  graduated  cylinder,  the  increase  of  the  watery  layer 
corresponds  approximately  to  the  amount  of  the  alcohol. 

According  to  Hager  it  is  better  to  use  glycerin,  because  with  this 
the  two  layers  separate  better,  and  a  more  accurate  reading  is  possible. 

The  alcohol  content  may  also  be  approximately  calculated  if  the 
specific  gravity  is  determined  l>efore  and  after  shaking  with  water. 
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Am  already  mentioned  on  page  198  the  amount  of  the  alcohol  in  an 
oil  which  in  itself  does  not  give  a  methyl  number,  may  be  determined 
quantitatively  by  Zeizel's  methoxyl  method. 

Fatty  oil.  The  volatile  oils  adulterated  with  fatty  nil  leave  a 
permanent  fatty  stain  when  evaporated  on  paper.  With  high  boiling 
and  difficultly  volatile  oils,  however,  similar  residues  are  left,  which  may 
give  rise  to  mistakes.  Fatty  oil  is  insoluble  in  90  percent  alcohol.1  For 
the  separation  of  the  fatty  oil  from  the  volatile  oil  the  latter  is  distilled 
off  by  steam  distillation  or  removed  by  evaporation  in  an  open  dish  on 
the  waterbuth,  where  it  must  he  remembered  that  some  volatile  oils,  as 
bergamot,  lemon,  orange,  anise  and  star-anise  oil  leave  a  residue  of 
several  percent  even  when  they  are  not  adulterated. 

The  presence  of  the  fat  may  he  shown  qualitatively  in  the  residue 
by  beating  with  potassium  bisulpbate  in  a  test  tube.  Penetrating 
odors  of  acrolein  show  its  present*.  By  igniting  the  residue  on  a 
platinum  foil  the  characteristic  odor  of  burning  fat  is  noticed. 

Ah  the  fatty  oils  give  saponification  numbers  which  lie  between  180 
and  200,  the  amount  of  the  fat  added  can  be  determined  quantitatively 
either  directly  in  the  volatile  oil  itself  or  in  the  distillation  residue,  by 
saponification. 

Oils  that  have  been  adulterated  with  cocoa  nut  oil  solidify  wholly 
or  in  part  in  a  freezing  mixture.  Cocoa  nut  oil  has  been  found  in 
cananga  oil,  citronella  oil  and  pnlmarosa  oil  and  detected  in  this 
manner. 

Mineral  oil,  petroleum.  Mineral  oil,  paraffin  oil,  kerosene, 
petroleum  and  petroleum  fractions  are  insoluble  in  alcohol  and  can 
therefore  be  detected  without  difficulty  in  volatile  oils;  besides,  they  are 
often  easily  recognized  by  their  low  specific  gravity.  Palmarosa  oil  to 
which  some  mineral  oil  has  been  added  is  only  partly  soluhle  in  70 
percent  alcohol.  If  the  insoluble  portion  is  successively  treated  with 
90  percent  and  absolute  alcohol,  un'  oil  remains,  which  in  the  beginning 
it  is  true  is  colored  brown  by  sulphuric  or  nitric  acids,  but  in  genera' 
resists  the  action  of  these  acids  aud  also  of  alkalies,  and  on  saponi- 
fication with  alcoholic  potassa  gives  no  saponification  number. 

The  mineral  oils  have  different  boiling  points.  The  hydro  ear  I  ions 
of  illuminating  oil  lioil  at  about  the  same  temperature  as  the  terpenes. 
Lower  boiling  fractions  are  said  to  be  sometimes  used  for  adulterating 
turpentine  oil.     A   higher   boiling  mineral   oil,   about  250°,  has  been 

')  (Inly  castor  oil  1h  ho]ii1>Iv  III  !>(>  pern-nt,  hut  i»  insoluble  tn  70  percent  nlcuhol. 
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Tound  in  citronella  and  in  gingergrass  oils.  The  petroleum  fractions 
of  a  lower  boiling  point  are  easily  volatile  with  water  vapor,  the  higher 
fractions  not  at  all,  or  at  least  to  only  a  small  degree. 

A  method  for  the  quantitative  estimation  of  mineral  oils  consists  in 
weighing  the  residue  left  after  having  removed  the  volatile  oil  by 
oxidation  with  fuming  nitric  acid,  as  described  under  turpentine  oil 
(see  this).  Attention  should  be  called  to  the  fact  that  some  volatile 
oils,  such  as  rose  oil,  chamomile  oil,  orange  flower  oil  and  others, 
contain  larger  or  smaller  amounts  of  paraffins  as  natural  constituents. 

Chloroform.  This  body,  which  tins  been  found  occasionally  in 
volatile  oils  (for  instance,  in  cognac  oil  mid  sandalwood  oil)  can  be 
isolated  by  distillation  on  a  water  bath  and  identified  by  the  isonitrile 
reaction.  This  consists  in  that  a  small  amount  of  the  suspected 
distillate  is  treated  with  a  few  drops  of  aniline  and  alcoholic  caustic 
soda  solution,  and  gently  heated.  In  the  presence  of  chloroform  the 
noxious  and  exceedingly  disagreeable  smelling  vapors  of  phenyl  isonitrile 
are  formed. 

Table 

for  Calculating  the  Amount  of  Alcohols  of  the  Formula  Ci„II,sO  and  C10H30O, 

as  well  as  acetic  esters  of  these  alcohols,  from  tlie  saponification  numbers, 
Found  before  and  after  acetyl  i  si  tip:. 

In  order  to  save  time-robbing  calculations  the  following  table 
(p.  204  et  seq.)  has  been  worked  out  in  the  laboratory  of  Schimmel  & 
Co..1  from  which  the  amounts  of  the  alcohols  CioHisO  (geraniol,  linalool, 
borneol,  isopulegol,  etc.)  and  C10H30O  (menthol,  citronellol)  as  well  as 
their  acetic  esters,  corresponding  to  the  individual  saponification 
numbers,  can  be  read  off.  From  this  compilation  it  is  farther  possible 
to  see  how  much  alcohol  in  the  original  oil  corresponds  to  the  saponifi- 
cation number  of  the  acetylated  oil. 

A  few  examples  may  serve  to  illustrate  the  above  statements. 

The  saponification  number  100  has  been  found  by  saponifying  a 
bergnmot  oil.  In  the  left  half  of  the  table  headed  CioHigO  look  up  the 
number  109,  ami  there  will  be  Tound  in  the  column  which  bears  the 
heading  "Acetate",  the  number  3H. 15,  which  gives  the  percentage  content 

')  Boricbt  von  Hctitmmel  &  Vn..  Oct.  1SB7.  p.  H3. 
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of  linalyl  acetate  in  the  bergamot  oil.  This  38.15  p.  c.  of  acetate 
corresponds,  as  may  be  seen  in  the  next  column  hea<led  "Alcohol",  to 
29.98  p.  c.  of  Jinalool. 

By  the  saponification  of  a  peppermint  oil  in  the  original  unturetylated 
state,  the  saponification  number  20  is.  found,  and  by  the  saponification 
after  boiling  with  acetic  acid  anhydride,  the  saponification  number  179. 
It  is  found  that  in  the  right  half  of  the  table  the  saponification  number 
20  =  7.07  p.  c.  of  acetate  CioHibOCOCHs,  in  this  case  menthyl  acetate, 
arid  corresponds  to  5.57  p.  c.  of  menthol.  The  saponification  number 
1  Til  shows  that  57.60  p.  c.  of  total  menthol  are-  contained  in  this 
peppermint  oii.  If  the  total  amount  of  menthol  is  57.60  p.  c,  and  that 
of  menthol  as  ester  5.57,  the  peppermint  oil  contains  57.60  minus  5.57 
or  52.03  p.  c.  of  free  menthol. 

In  the  calculation  of  this  table  the  following  formulas  were  applied : 


1. 


196  X  Sap. 

No. 

5(1 

154  X  Sap. 

No. 

56 

a  X  15.4 

s  — (a  X  0.042) 
198  X  Sap.  No. 

56 

156  X  Sap. 

No. 

56 
a  X  15.6 

-  percent  of  enter 

■  percent  of  alcohol 

-  percent  or  alcohol  in  the  original  < 
;  percent  of  ester 

:  percent  of  alcohol 
:  percent  of  alcohol  ii 


the  original  oil. 


<  0.0421 
In  these  formulas : 
=  the  number  of  cnbic  centimeter*"  o(  normal  potanoa  solution  used. 
=  the  number  of  grains  of  the  acet.vlnt«d  oil  used  for  the  saponification. 
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c 

oUieO 

fwHao 

> 

Slip. 

Acetate 

Alrohol 

Alcohol 
In  tbe 

Acetate 

Alcohol 

in  the 

or!*,  oil 

ort«.  oil 

1 

0,35 

0,28 

0,27 

0,35 

0.28 

0.28 

I 

2 

0,70 

0.55 

0,55 

0.71 

0,56 

0,56 

2 

3 

1,05 

0,83 

0,83 

1,06 

0,84 

0.84 

3 

4 

1,40 

1,10 

1,10 

1,41 

1,11 

1,12 

5 

1.75 

.1,38 

1.38 

1,77 

1.39 

1,40 

5 

6 

2,10 

1,65 

1.66 

2,12 

1,67 

1,68 

fi 

7 

2,45 

1.93 

1,94 

2.47 

1,95 

1,96 

8 

2,80 

2,20 

2,21 

2,83 

2.23 

2,24 

8 

9 

3,15 

2,48 

2,49 

3,18 

2,51 

2,52 

9 

10 

3.50 

2,75 

2,77 

3,54 

2.79 

2.81 

10 

11 

3,85 

3,03 

3.05 

3.89 

3,06 

3,09 

11 

12 

4,20 

3,30 

3,33 

4,24 

3,34 

3,37 

12 

13 

4,55 

3,58 

3,61 

4,60 

3,62 

3,66 

13 

14 

4,90 

3,85 

3,89 

4,95 

3,90 

3,94 

14 

15 

5.25 

4,13 

+,17 

5,30 

4,18 

4,23 

15 

IB 

5,60 

4,40 

4,45 

5,66 

4,46 

4,51 

16 

17 

5,95 

4.68 

4,74 

6,01 

4,74 

4,80 

17 

18 

6,30 

4,95 

5.02 

6.36 

5,01 

5,08 

18 

19 

6,65 

5,23 

5,30 

6,72 

5,29 

5,37 

19 

20 

7,00 

5,50 

5,58 

7,07     ' 

5,57 

5.66 

20 

21 

7,35 

5.78 

5,87 

7,42 

G.S5 

5,94 

21 

22 

7,70 

6.05 

6.15 

7,78 

6,13 

6,23 

22 

23 

8,05 

6,33 

6,44 

8,13 

6,41 

6,52 

23 

24 

8,40 

6,60 

6,72 

8.49 

6.fiS) 

6,81 

24 

25 

8,75 

6.88 

7,01 

8,84 

6.96 

7.10 

25 

2f. 

9,10 

7.15 

7,29 

9.19 

7,24 

7,39 

26 

27 

9,45 

7.43 

7,58 

9.55 

7,52 

7,68 

27 

28 

9,80 

7.70 

7,87 

9.90 

7,80 

7,97 

28 

29 

10.15 

7.98 

8,15 

10,25 

8,08 

8,26 

29 

SO 

10,50 

8,25 

8,44 

10,61 

8,30 

8.55 

30 

31 

10,85 

8,53 

8.73 

10,96 

8,64 

8,84 

31 

32 

11.20 

8,80 

9,02 

11.31 

8.91 

9,13 

32 

33 

11,55 

9,08 

9.31 

11.67 

9,19 

9.43 

33 

34 

11,90 

9,35 

9.59 

12.02 

9.47 

9.72 

34 

35 

12.25 

9.63 

9.8S 

12.37 

9.75 

10.01 

85 

31) 

12,60 

9,90 

10.17 

12  73 

10,03 

10.31 

36 

37 

12,95 

10,18 

10.47 

13,08 

10.31 

10,60 

37 

3H 

13,30 

10,45 

10,76 

13.44 

10,59 

10.90 

38 

3<> 

13,65 

10,73 

11,05 

13,79 

10.86 

11,19 

39 

40 

14.00 

11.00 

11,34 

14,14 

1114 

11,49 

40 
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C 

UH,«0 

CioHjoO 

S»p. 

Acetate 

Alcohol 

In  the 

Acetate 

Alcohol 

Alcohol 

In  the 

Sap. 

Sci, 

orlff.  oil 

°" 

41 

14,36 

11,28 

11,83 

14,50 

11.42 

11,78 

41 

42 

14,70 

11,55 

11,93 

14,85 

11,70 

12,08 

42 

43 

15,05 

11,83 

12,22 

15,20 

12,38 

43 

44 

15,40 

12,10 

12,51 

15,58 

12,26 

12,68 

41 

45 

15,75 

12,38 

12,81 

15,91 

12,54 

12,97 

45 

46 

16,10 

12,65 

13,10 

16.26 

12,81 

13,27 

46 

47 

16.45 

12,93 

13,40 

16.62 

13.09 

13.57 

47 

48 

16,80 

13,20 

13,69 

16,97 

13.37 

13,87 

48 

49 

17,15 

13,48 

13,99 

17.32 

13,65 

14,17 

49 

50 

17.50 

13.75 

14,29 

17,68 

13,93 

U,'47 

50 

51 

17.85 

14,03 

14,58 

18,03 

14,21 

14,77 

51 

52 

18,20 

14,30 

14,88 

18.39 

14,49 

15,07 

52 

53 

18,55 

14,58 

15,18 

18.74 

14.76 

15,38 

53 

54 

18,90 

14,85 

15,48 

19,09 

15,04 

15,68 

54 

55 

19.25 

15,13 

15,77 

19.45 

15,32 

55 

56 

19,60 

15,40 

16,07 

19.86 

15,60 

16.28 

56 

37 

19,95 

15,68 

16,38 

20,15 

15,88 

16,59 

57 

5S 

20,30 

15,95 

16.68 

20,51 

16.16 

16,89 

58 

59 

20,65 

16,23 

16,98 

20.86 

16.44 

17,20 

59 

60 

21,00 

16.50 
16,78 

17,28 
17,68 

21,21 
21.57 

16,71 

17,50 

60 

61 

21,35 

16,99 

17.81 

61 

62 

21,70 

17,06 

17,88 

21 ,9  J 

17,27 

18.11 

62 

(53 

22,05 

17,33 

18,18 

22,27 

17.55 

18,42 

63 

64 

22,40 

17,60 

18,49 

22,63 

17,83 

18,73 

64 

65 

22,75 

17,88 

18,79 

22.98 

18,11 

19.04 

65 

23,10 

18,16 

19,10 

23,34 

18  39 

19,34 

66 

67 

23.45 

18,43 

19,40 

23,69 

18,66 

19,65 

67 

68 

23.80 

18,70 

19.70 

24,01 

18,94 

19,96 

68 

69 

24,15 

18,98 

20,01 

24,40 

19,22 

20,27 

69 

70 

24,50 

19.25 

20,32 

24,75 

19,50 

20,58 

20,89 

70 

71 

24,86 

19,53 

20,62 

25,10 

19.78 

71 

72 

26,20 

19,80 

20,93 

25,46 

20,06 

21,20 

72 

73 

25,55 

20,08 

21.24 

25,81 

20,34 

21,51 

73 

74 

25,90 

20,35 

21.55 

26,16 

20,61 

21,83 

74 

75 

26,25 

20,63 

21,85 

26.52 

20,89 

22,14 

75 

76 

26,60 

20,90 

22,16 

26,87 

21,17 

22,45 

76 

26,95 

21,18 

22,47 

27,22 

21,45 

22,77 

77 

78 

27,30 

21.45 

22,78 

27.58 

21,73 

23,08 

78 

79 

27,65 

21.73 

23,09 

27,93 

22,01 

23,39 

79 

SO 

28,00 

22,00 

23,40 

28,29 

22.29 

23,71 

80 
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CioH,80 

CioHk, 

0 

Sap. 

Acetate 

Alcohol 

Aleghcil 
In  the 

Acetate 

Alcohol 

Alcohol 
Id  the 

Sap. 

So. 

orlg.  .,11 

oris,  oil 

81 

28,35 

22  28 

23.72 

28,64 

22,56 

24,02 

81 

82 

28,70 

22,55 

24,03 

28.99 

22,84 

24,34 

82 

83 

29,05 

22,83 

24,34 

29,35 

23,12 

24,66 

83 

84 

29,40 

23,10 

24,65 

29,70 

23,40 

24,97 

84 

85 

29,75 

23,38 

24.97 

30,05 

23,68 

25,29 

85 

86 

30,10 

23,65 

25,28 

30,41 

23.96 

25,61 

86 

87 

30,45 

23,93 

25,60 

30,76 

24,24 

87 

88 

30,80 

24,20 

25,91 

31,11 

24.51 

26,25 

88 

89 

31,15 

24,48 

26,23 

31.47 

24,79 

26,57 

89 

90 

31,50 

24,75 

26,54 

31,82 

25,07 

26,89 

90 

91 

31,85 

25,03 

26,86 

32,17 

25,35 

27.21 

91 

92 

32,20 

25,30 

27,18 

32,53 

25,63 

27,53 

92 

93 

32,55 

25,58 

27,49 

32,88 

25,91 

27.85 

93 

94 

32,90 

25,85 

27,81 

33.24 

26,19 

28.17 

94 

95 

33,25 

26,13 

28,13 

33,59 

26,46 

28,49 

95 

96 

33,60 

26,40 

28,45 

33,94 

26,74 

28,82 

96 

97 

33,95 

26,68 

28,77 

34,30 

27,02 

29,14 

97 

98 

34,30 

26,95 

29,09 

34,65 

27,30 

29,47 

98 

99 

34,65 

27,23 

29,41 

35,00 

27,58 

29,79 

99 

100 

35,00 
35,35 

27,50 

29,73 

35,36 

27,86 

30,11 

100 

101 

27,78 

30,05 

35.71 

28,14 

80,44 

101 

102 

35,70 

28,05 

30,37 

36,06 

28.41 

30,77 

102 

103 

36,05 

28,33 

30.70 

36,42 

28,69 

31,09 

103 

104 

36,40 

28,60 

81,02 

36,77 

28,97 

31,42 

104 

105 

36,75 

28.88 

31,34 

37,12 

29,25 

31.75 

105 

106 

87,10 

29,15 

81,67 

37.48 

29,68 

32,08 

106 

107 

37,45 

29,43 

31.99 

37,83 

29,81 

32.41 

107 

108 

37,80 

29,70 

32,32 

38.19 

80,09 

32,74 

108 

109 

38,15 

29,98 

32.64 

38,54 

30,36 

33.07 

109 

110 

88,60 

30,25 

32,97 

38,89 

30,64 

33,40 

110 

111 

38,85 

30,53 

33,30 

89,25 

80,92 

33.73 

111 

112 

39,20 

80,80 

33,62 

39,60 

31.20 

34,0« 

112 

113 

89,65 

31,08 

33,95 

39,95 

31,48 

34,39 

113 

114 

39.90 

31.35 

34,28 

40,31 

31,76 

34,73 

114 

115 

40,25 

31,63 

34.61 

40,66 

32,04 

33,06 

115 

116 

40,60 

31,90 

34,94 

41,01 

32,31 

35,39 

116 

117 

40,95 

32,18 

35,27 

41,37 

32,59 

35.73 

117 

118 

41,30 

32.45 

35,60 

41,72 

32,87 

36,06 

118 

119 

41,65 

32,73 

35,93 

42,07 

33,15 

36.40 

119 

120 

42,00 

33,00 

36,26 

42,43 

33,43 

36,73 

120 
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The  Examination  at  Volatile  Oils. 


CioHibO 

C10H10O 

"fS: 

M 

Alcohol 

Alcohol 

Acetate 

Alcohol 

Alcohol 
In  the 

Hap. 

orig.  oil 

orlB.  oil 

121 

42,35 

33,28 

36.60 

42,78 

33,71 

37,07 

121 

122 

42,70 

33,56 

36,93 

43,14 

33,99 

37,41 

122 

123 

43,05 

33.83 

37,26 

43,49 

34,26 

37,75 

123 

124 

43,40 

34,10 

37.60 

43,84 

34,54 

38,08 

124 

125 

43,75 

34,38 

37,93 

44,20 

34,82 

38,42 

125 

126 

44,10 

31,65 

38,27 

44,55 

35,10 

38,76 

126 

127 

44,45 

34,93 

38,60 

44.90 

35,38 

39,10 

127 

128 

44,80 

35,20 

38,94 

45,26 

35,66 

39,44 

128 

129 

45.15 

35.48 

39,27 

45,61 

35,94 

39,78 

129 

130 

45,50 

33.76 

39,61 

45,96 

36,21 

40,13 

130 

131 

45,85 

36,03 

39,95 

46,32 

36  49 

40,47 

131 

132 

46,20 

36,30 

40,29 

46,67 

36,77 

40,81 

132 

133 

46,55 

36,58 

40,63 

47,02 

37,05 

41,16 

133 

134 

46,90 

36,85 

40,97 

47,38 

37,33 

41,50 

134 

135 

47,25 

37.13 

41,31 

47,73 

37,61 

41,84 

135 

13G 

47,60 

37,40 

41,65 

48,09 

37,89 

42,19 

136 

137 

47,95 

37,68 

41,99 

48,44 

38,16 

42,53 

137 

138 

48,30 

37,96 

42,33 

48,79 

38,44 

42,88 

138 

139 

48.65 

38,23 

42,67 

49,15 

38  72 

43,23 

139 

140 

49,00 

38,50 

43,02 

49,60 

39,00 

43,58 

140 

141 

49,35 

38,78 

43,36 

49,85 

39,28 

43,92 

141 

142 

49,70 

39,05 

43,71 

50,21 

39.56 

44.27 

142 

143 

50,05 

39,33 

44,06 

60,56 

39,84 

44,62 

143 

144 

50,40 

39,60 

44,39 

50,91 

40,11 

44,97 

144 

145 

50,75 

89,88 

44,74 

61,27 

40,39 

45,32 

145 

146 

51,10 

40,15 

45,09 

61,62 

40,67 

45,67 

146 

147 

51,45 

40,43 

45,44 

51,97 

40,95 

46,02 

147 

148 

51,80 

40,70 

45.78 

52,38 

41,23 

46,38 

148 

14D 

52,15 

40,98 

46,13 

52,68 

41,51 

46,73 

149 

130 

52,50 

41,25 

46,48 

53,04 

41,79 

47,08 

150 

151 

52,85 

41,53 

46,83 

53,39 

42,06 

47,44 

151 

152 

53,20 

41,80 

47,18 

53,74 

42,34 

47,79 

152 

153 

53,55 

42,06 

47,53 

64.10 

42,62 

48,15 

153 

154 

53,90 

42,35 

47,88 

64,45 

42,90 

48,50 

154 

155 

54,25 

42,63 

48.23 

64,80 

43,18 

48,86 

155 

156 

64,60 

42,90 

48,58 

55,16 

43,46 

49,21 

156 

157 

64,95 

43,18 

48,94 

55,51 

43,74 

49,57 

157 

158 

55,30 

43,45 

49,29 

55,86 

44,01 

49,93 

158 

159 

55,65 

43,73 

49,66 

66,22 

44,29 

50,29 

159 

160 

56,00 

44.00 

50,00 

56,57 

44,57 

50,65 

ICO 
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56.35 
56,70 
57,05 
57,40 
57,75 
58,10 


46,20 
46,48 
46,75 


50,36 
50,71 
51,07 
51,42 
51.78 
52,14 
o2.:\o 
52.86 


57,63 
5  7. 99 
58,34 
58,69 
59,05 
59,40 
59,75 
60,11 


45,13 
43,41 
45,69 
45,96 
46,24 
46,32 
46.  SO 
47,08 
47,36 


51,01 
51,37 
51,73 


61,25 
61,60 
61,95 

62.30 
62,65 
63,00 


48.13 
48,40 

4S,6S 
■IS, 95 


53,94 
54,31 
54,67    ' 
55,03 

55,40 

5:;. 76 


61,17 
61,52 

61,87 

62.23 
62,58 
62,94 
63,29 
63,64 


47,64 

47,91 
48,19 

48,47 

43,75 

49,03 
49,31 
40,  r>!) 
49,86 
50,14 


54,64 
53,01 
55,38 
55.75 
56, 1 2 
56,48 
56,85 
57,23 
57,60 
57,97 


182  ' 
183 
184   . 


49,78 
50,05 

50,33 


51,43 
51,70 
51,98 
52,25 


58.33 

58,70 
59.07 

59,44 
59,81 

60,19 

8!  1,56 


64,00 
64,35 
64,70 

6.-..  06 


50,98 
51,26 
51,54 
51,81 
52,09 
52,37 
52.65 
52,93 


69.46 
59,84 
60.21 
60,59 
60,97 
61,35 
61,72 


192 
193 
194 


66,85 

52,53 

67,20 

52,80 

67,55 

53,08 

67,90 

53,35 

68,25 

53,63 

68,60 

53,90 

63,95 

54.18 

69,30 

54,45 

61,31 
61,68 
62,06 
62,43 
62,81 
63,19 
63,57 
6.1.95 
64..",.", 
64,71 


67,53 

67.80 
68,24 


62,10 
62,48 
62,86 
63,24 
63,63 
64,01 
64,39 
64,78 
65,16 
65,55 
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The  Examination  of  Vtilntile  Oils. 


CioHisO 

«. 

3 

to 

Atat»t* 

Alrohol 

Alcohol 
In  the 

Acetate 

Alcohol 

Alcohol 
In  the 

Hu. 

orlg.  oil 

olid.  "II 

No. 

201 

70,S5 

55,28 

65,09 

71,07 

55,99 

65,93 

201 

202 

70,70 

55,55 

65,47 

71,42 

56.27 

66,32 

202 

203 

71,05 

55,83 

65,85 

71,77 

56,55 

66,71 

203 

204 

71,40 

56,10 

66,23 

72,13 

56,83 

67,09 

204 

205 

71,75 

56,38 

66,62 

72,48 

57,11 

67,48 

205 

206 

72,10 

56,65 

67,00 

72,84 

57,39 

67,87 

206 

207 

72,45 

56,93 

67,39 

73,19 

57,66 

68,26 

207 

208 

72,80 

57,20 

67,77 

73,54 

57,94 

68,65 

208 

2(19 

73.15 

57,48 

68.16 

73,90 

58,22 

69,04 

209 

210 

73,50 

57,75 

68,55 

74,25 

58,50 

69,44 

210 

211 

73,85 

58,03 

68,93 

74,60 

58,78 

69,83 

211 

212 

74,20 

58,30 

69,32 

74,96 

59,06 

70,22 

212 

213 

74,55 

58,58 

69,71 

75,31 

59,34 

70,62 

213 

214 

74,90 

58,85 

70,10 

75,66 

59,61 

71,01 

214 

215 

75,25 

59,13 

70,49 

76,02 

59,89 

71.41 

215 

216 

75,60 

59,40 

70,88 

76,37 

60,17 

71,80 

216 

217 

75,95 

69,68 

71,28 

76,72 

60,45 

72,20 

217 

218 

76,30 

59,95 

71,67 

77,08 

60,73 

72,60 

218 

219 

76,65 

60,23 

72,06 

77,43 

61,01 

73,00 

219 

220 

77,00 

60,50 

72,45 

77,79 

61,29 

73,40 

220 

221 

77,33 

60,78 

72,85 

78,14 

61,56 

73,80 

221 

222 

77,70 

61,05 

73,25 

78,49 

61,84 

74,20 

222 

223 

78,05 

61,33 

73,64 

78,85 

62,12 

74,60 

223 

224 

78,40 

61.60 

74,04 

79,20 

62,40 

75,00 

224 

225 

78,75 

61,88 

74,44 

79,55 

62,68 

75,40 

225 

220 

79,10 

62,15 

74,84 

79,91 

62,96 

75,81 

226 

227 

79,45 

62,43 

75.23 

80,26 

63,24 

76,21 

227 

223 

79,80 

62,70 

75,63 

80,61 

63,51 

76,62 

228 

229 

80,15 

62,98 

76,03 

80,97 

63,79 

77,02 

229 

230 

80,50 

63,25 

76,44 

81,32 

64,07 

77,43 

230 

231 

80,85 

63,53 

76,84 

81,67 

64,35 

77,83 

231 

232 

81,20 

63,80 

77,24 

82,03 

64,63 

78,24 

^32 

233 

81,55 

64,08 

77,64 

82,38 

64,91 

78,65 

233 

234 

81,90 

64,35 

78,05 

82,74 

65,19 

79,06 

234 

235 

82.25 

64,63 

78,45 

83,09 

65,46 

79,47 

235 

236 

82,60 

64,90 

78,86 

83,44 

65.74 

79,88 

236 

237 

82,95 

65,18 

79,27 

83,80 

66,02 

80,29 

237 

23H 

83,30 

65,45 

79,67 

84,15 

66,30 

80,71 

238 

239 

83,65 

65,73 

80,08 

84,50 

66,58 

81.12 

239 

240 

84,00 

66,00 

80,49 

84.86 

66,86 

81,53 

240 
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H(L|>. 

Acetate 

Alcohol 

Alcohol 
In  the 

Acetate 

Alcohol 

Alcohol 

a«p. 

JM>. 

urlu.  oil 

ortK.  oil 

241 

84,35 

66,28 

80,90 

85,21 

67,14 

81,95 

241 

242 

84,70 

66,55 

81,31 

85.56 

67,41 

82,36 

242 

243 

85,05 

66,83 

81,72 

85,92 

67,69 

82,78 

243 

244 

85,40 

67,10 

82,13 

86,27 

67,97 

83,20 

244 

245 

85,75 

67,38 

82,54 

86,62 

68,25 

83,61 

245 

246 

86,10 

67,65 

82,96 

86,98 

68,53 

84,03 

246 

247 

86,45 

67,93 

83,37 

87,33 

68,81 

84,45 

247 

248 

86,80 

68,20 

83,78 

87,69 

69,09 

84,87 

248 

249 

87,15 

68.48 

84,20 

88,04 

69,36 

85,29 

249 

250 

87,50 

68,75 

64,62 

88,39 

69,64 

85,71 

250 

251 

87,85 

69,03 

85,03 

88,75 

69,92 

86,14 

251 

252 

86,20 

69,30 

85,45  - 

89,10 

70,20 

86,56 

252 

253 

88,55 

69,58 

85,87 

89,45 

70,48 

86,98 

253 

254 

88,91) 

69.85 

86,29 

89,81 

70,76 

87,41 

254 

255 

89,25 

70,13 

86,71 

90,16 

71,04 

87,83 

255 

256 

89,60 

70,40 

87,13 

90,51 

71,31 

88,26 

256 

257 

89,95 

70,68 

87,55 

90,87 

71,59 

88.69 

257 

258 

90,30 

70,96 

87.97 

91.22 

71,87 

89,11 

258 

259 

90,65 

71,23 

88,40 

91,57 

72,15 

89,54 

259 

260 

91.00 

71,50 

88,82 

91,93 

72,43 

89,97 

260 

261 

91,35 

71,78 

89,25 

92,28 

72,71 

90,40 

261 

262 

91,70 

72,05 

89,67 

92,64 

72,99 

90,83 

262 

263 

92,05 

72,33 

90.10 

92,99 

73,26 

91,27 

263 

264 

92,40 

72,60 

90.52 

93,34 

73,54 

91,70 

264 

265 

92,75 

72,86 

90.95 

93,70 

73,82 

92,13 

265 

266 

93,10 

73,15 

91,38 

94,05 

74,10 

92,57 

266 

267 

93.45 

73,43 

91,81 

94,40 

74,38 

93,00 

267 

268 

93,80 

73,70 

92,24 

94,76 

74,66 

93,44 

268 

269 

94,15 

73,98 

92,67 

95,11 

74.94 

93,87 

269 

270 

94  50 

74,25 

93,10 

95,46 

75,21 

94,31 

270 

271 

94.85 

74,53 

93,54 

95,82 

75,49 

94,75 

271 

272 

95,20 

74,80 

93,97 

96,17 

75,77 

95,19 

272 

273 

95,55 

75,08 

94,40 

96,52 

76,05 

95,63 

273 

274 

95,90 

75,35 

94,84 

96,88 

76,38 

96,07 

274 

275 

96.25 

75,63 

95,28 

97,23 

76,61 

96,51 

275 

276 

96,60 

75,90 

95,71 

97,59 

76,89 

96,96 

276 

277 

96,95 

76,18 

96,15 

97,94 

77,16 

97,40 

277 

278 

97,30 

76,45 

96,59 

98,29 

77,44 

97,84 

278 

279 

97.65 

76,73 

97,03 

98,65 

77.72 

98,29 

279 

280 

98,00 

77,00 

97,47 

99,00 

78,00 

98,73 

280 
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Thf  Examination  of  Volatile  Oils. 


Sop. 

Acetate 

Alcohol 

Acetate 

Alcohol 

Hap. 

No. 

oris,  oil 

ofte.  oil 

281 

98,35 

77,28 

97,91 

99.35 

78,28 

99.18 

281  ' 

282 

98,70 

77,55 

98.35 

99,71 

78,56 

99.63 

282 

283 

99.05 

77,83 

98.80 

100,06 

78,84 

100,08 

283 

284 

99,40 

78,10 

99.24 

285 

99,75 

78.38 

99,68 

286 

100,10 

78,65 

100,13 

_ 

". 

" 
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LIST  OF  PLANTS,  ARRANGED  ACCORDING  TO  FAMILIES,1 
FROM  WHICH  VOLATILE  OILS  ARE  OBTAINED. 


POLYPODIACEAE. 
Aapidium  fill*  man — Oil  of  male  torn. 

PrNACBAE. 
Larix  decidua— Oil  of  larch  turpentine,  larch  needle  oil. 

Pious  anetmlis,  P.  toads,  P.  cubensis,  P.  pa  Ins  tria   -American  turpentine  oil. 
Pin  us  pinaster—  French  turpentine  oil. 
Pinna  /aricio— Austrian  turpentine  oil. 
Pinua  ailveatria—Piae  tar  oil,  and  pine  needle  oil. 

Pinna  kdebourii — Pine  tar  oil,  Russian  turpentine  oil,  and  Siberian  pine  needle  oil. 
Pinua  khaaya,  P.  merkuaii— Burma  turpentine  oil. 
Pinua  laontuna—OW  from  needles. 
Pinua  cembra— Oil  from  needles. 
Pinua  snbiniana—  Californian  turpentine  oil. 
Picea  excelaa— Oil  from  olcorefrin,  oil  from  needles. 
Picas  alba— Qi\  of  needles. 
Picea  nigra— Oil  of  needles. 

Abiea  alba— Pine  (white  flr)  needle  oil,  oil  of  cones  of  white  fir,  oil  from  oleoreein. 
Abies  balaamea — Needle  oil.       1 

Abiea  canadensis — Needle  oil.     >  ■  Oil  from  Canada  balsam. 
Abies  Iraaeri— Needle  oil.  J 

Abies  reginae  antaliae — Oil  from  coups. 
Cmlrua  libnni— Lebanon  cedar  oil. 
Sequoia  gigantea — Sequoia  oil. 
Callitris  quadriralia — Saudarac  oil. 
Thuja  occidentalia — Thuja  oil. 
Thuja  orientalis — Oil  from  the  roots. 
Cupreftsua  aempervirens — Cypress  oil. 
Vhamaecyparia  obtuaa—  Hinoti  oil. 
Juniperna  common  is— Oil  of  juniper  berries. 

>)  According  to  Engler's  Syllabus.     Second  edition.    Berlin.  1908. 
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List  of  Plants,  Arranged  According  to  Families,  etc. 

Junipcnis  oxycedrw— Oil  of  berries. 

Joniperua  phoenicen — Oil  of  berries. 

Juoiperua  aab'mn — Oil  of  savin. 

Juniperaa  Virginians— Oi\  of  cedar  wood  (cedar  oil),  oil  of  cedar  leaves. 

Pamsanaceab. 

Pandaaua  odoratisaimua—Ott  of  flowers. 

Gh  AMINE  AE. 

Andropogon  scAoenanfiras— Palmarosa  oil,  and  gingergrasn  oil, 

Andropogon  citra tua— Lemongraas  oil. 

Andropogon  muricatua—Vet\ver  oil, 

Andropogon  nurdun-  Citronella  oil. 

Andropogon  odoratua    Oil  of  herb. 

Andropogon  laoiger—  Camel  grass  oil. 

Palmae. 

Serenas  sernilatu-   -Saw  pal  met  ta  oil. 

Araceae. 
Acoras  calamna— Calamus  oil,  oil  from  leaves,  Japanese  calamus  oil. 

LlUACBAS. 

SabatliUa  o  fficina  lis—  Sab  ad  ilia  oil. 

.-Woe  vulgaris—  Alofl  oil. 

Xanthorrhoea  nasti/p— Xanthorrhoea  oil. 

Allium  aativum-  -Garlic  oil. 

Allium  cepa— Onion  oil. 

Allium  urainnm—  Oil  from  entire  plant. 

I  RID  ACE  AE. 

Cmcus  aatirua— Saffron  oil. 

Ms  tiorentina,  I.  pallida,  1.  germanica — Orris  oil. 

ZlNQIBERACEAE. 

Curcuma  looga — Curcuma  oil. 
Curcuma  tedoaria — Zedoary  oil. 
Kaempferia  rotunda— Oil  ol  root. 
Hedychium  coronation) — Oil  of  flowers. 
Alptnia  galaaga—  Galangal  oil. 
Atpinia  iimlaccensis—  Oil  of  root*, 
Alpinia  nutans — Oil  of  roots. 
Zingiber  officinale—  Ginger  oil. 

Elettaria    cardamomiim — Oil  of  cardamom   (Ceylon),   Malabar  (Madras)  c 
mom  oil. 


»,  Google 


214  Genera/  Part. 

Amomuin  eardamomnm  Siam  cardamom  oil. 

Amomum  melegaeta— Oil  of  paradise  grains. 
Aroonuim  aromaticom — Beu^al  cardamom  oil. 
Amomnm  spec.  ? — Kamnriin  cardamom  oil. 
Amomum  anguatifohum — Korarima  cardamom  oil. 


PlPERACEAE. 


Piper  Digram — Oil  of  black  pepper. 
Piper  loogum — Oil  of  long  pepper. 
Piper  ovatum— Oil  of  leaves. 
Piper  lowong—OW  of  fruit. 
Piper  clusii — Aschauti  pepper  oil. 
Piper  cabeba— Oil  of  cubebs. 
Piper  anguntifoIiuin-\latit:<i  oil. 
Piper  betle — Oil  of  betle  leaves. 
Potomorpbe  umbellata— Oil  of  leaves. 
Artanthe  geniculata— Oil  of  leaves. 
Ottonia  aninum — Oil  of  roots. 


Popnlus  nigra — Oil  of  buds. 


Mjricn  gale— OH  of  Dntch  myrtle. 
Myrica  cerifera — Oil  of  bay-berry. 
Myrica  aaphoifolia — Oil  of  sweet  fern. 

Jd&landackab. 

Jnglana  regia — Walnut  leaf  oil. 

Betulaceab. 
Betula  lenta — Oil  of  Bweet  birch  (wintergreen  oil). 

Mob  ace  ae. 
Hamulus  htpulus— Oil  of  hops, 
Cannabis  aativa — Hemp  oil. 

Bantalaceae. 
Santumm  albam— Oil  of  sandalwood  (East  Indian). 
Siintalum  preiaBianam  -South  Australian  sandalwood  oil. 
Sniit&lum  cygnornm—  Went  Australian  sandalwood  oil. 
Santahim  yaei— Fiji  sandalwood  oil. 
Unknown  species— African  sandalwood  oil. 

A  Ft  IB  TO  1 ,0C  HI  ACE  A  K . 
Aaarnm  europaeuin — Oil  ol  root. 
Asarum  canadenee—  Oil  of  Canada  snake  root  (wild  ginger). 
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\  snake  root. 

Chekopoduce  ae  . 
Chenopodiom  ambroaioidea  var.  anthelmintieum — Oil  of  American  wormseed. 

Ranunculaceae. 
Paeonia  motltan— Oil  ol  roots. 
Sigella  aativa — Oil  of  seeds. 
Nigolla  damaacena — Oil  of  seeds. 

Maonouaoeae. 

.lf;cftefca  cbamp&ca— Champaoa  oil. 
M'ichelia  longifbha — Oil  of  flowers. 
Illicinm  varum — Star  anise  oil. 
lithium  a  uisa  turn— Japanese  star  anise  oil. 
Dritujs  winter*— Oil  of  Winter's  bark. 

Anonaoeae. 
Cananga  odorata — Viang  vlang  oil  and  cananga  oil. 

Myribticaceae. 
Mjriatica  fragrana— -Oil  of  mace,  oil  of  nutmeg. 

MONIMIACEAB. 

Peumns  botdaa—CU  of  boldo  leaves. 
Atheroepenna  moech&ta — A  the  rasper  run  oil. 
Citrioama  oligandra~Oi\  of  leaves  and  bark. 
("itrioaoia  cnj&hana—O'd  of  leaves  and  bark. 
Citrioama  apiosyce-  -Oil  or  leaves  and  bark. 
Unknown  species— Oil  of  para  coto  bark. 

Lattraceae. 

Cinnamoinum  camphors — Camphor  oil. 

Ciooamoiauin  tayl&akum — Oil  of  cinnamon  (Ceylon),  oi 

of  roots. 
dnnumomum  cassia — Cassia  oil. 
Cinnamomum  lnunirii — Japanese  cinnamon  oil. 
Cianamomnm  kiaraia— Oil  of  bark. 
Cinnamomum  cnlilaivan -  -Culilawau  bark  oil. 
C'miiamommn  wightii—OW  of  bark. 
Cianamomnm  ofiveri— Oil  of  bark. 
Peraca  gr&tissima — Oil  of  leaves. 
Perem\  earyophyllata—Oi[  of  clove  bark. 
Aectandra  pucbnry—  Pichurim  oil. 
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Nectaiirfra  eaparrapi— Caparrapi  oiL 

Ocotca  caudata-  Qnnytuui  lignaioe  oil. 

Ocotea  specii»7 — Ocotea  oil. 

Nectniitlra  m  y riant  ha. 

Nect&ndra  or  Ocotea  species? — Venexnela  camphor  wood  oil. 

Sassafras  officinale— Sassafras  oil  (bark),  oil  of  sassafras  leaves. 

Cryptocaria  moachata — Cryptocaria  oil. 

Cryptocaria  pretiosa — Oil  of  bark. 

Lauras  nobilis— Oil  of  laurel  leaves,  oil  of  fruit. 

Liodera  sericea— Kuromoji  oil. 

Oreodapbne  califbrnica—OH  of  mountain  laurel. 

Benzoin  odoriferum — Spice  wood  oil. 

Tntranlhera  ci train — Tetranthera  oil. 

Unknown  species — Massoy  bark  oil. 

Grucipboab, 
Lepid'mm  aativnm— Pepper-Brass  oil. 
Tblaspi  arvense— Oil  of  herb. 
Cochlearia  officinalis    Oil  of  spoonwort. 
Cocliiearia  annoracia— Oil  ot  horseradish. 
AHiaria  officinalis — Oil  of  hedge  garlic. 
Brasaica  nigra,  B.  juncea— Oil  of  mustard. 
Sinapia  alba— 0i\  of  white  mustard. 
Nasturtium  officinale— Oil  of  watercress. 
Raphanua  salivas  aud  B.  niger— Oil  of  common  radish. 

Resedaceae. 
Reseda  odorata— Mignonette  oil,  oil  of  root. 

Hamamelidaceae. 
Liquidambar  oripntale—OM  of  liquid  s  to  rax. 
Liquidambar  styraciHnum-  -Oil  ol  sweet  gum,  oil  of  leaves. 
Altingia,  excelsa— Kanaroala  oil  (wood). 

.     ROBACEAE. 

Spiraea  nlmaria  -Spiraea  oil. 

rtosa  dainascnua—  Kose  oil. 

ftosa  centifoiia— Rune  oil. 

Pnmua  amygdalae,  P.  armeniaca,  P.  perska  —Bitter  almond  oil. 

Prunna  lauroceraaus~ Cherry  laurel  oil. 

PrunuB  rirginiana—Oi\  of  wild  cherrj  bark. 

Lkgdmdjosae. 
Copai&ra  officinalis  C.  guajanensis,  C.  coriacea,  C.  langsdorffia,  C.  confertitiora, 

C.  oblongifolia,  C.  rigida— Copaiba  balsam  oil. 
Myrocarpus  fastigiatns— Cabrinva  wood  oil. 
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Genista  trideotata—CaTquvja,  oil. 
Indigofera  galegoidee—OH  of  leaves. 

Caesalpinia  sapp/ii:  — Sappan  oil. 
Toluiiara  balsa-mum-  Tolu  balsam  oil. 
Uyroxylon  peruiferum — Oil  of  leaves. 
Qlyvyrrhiza  glabra — Oil  from  root. 
Qlyeyrrhha  gl&ndulifera— Oil  from  root. 

Gkraniaceae. 
Pelargonium  odoratiaeimaw,  P.  capitatum,  P.  roseum — Oil  of  rose  gers 

Tropaeolaceae. 
Tropaeolum  majaa— Oil  of  nasturtium. 

Ekythroxy l ace ae  . 
Erythroxylon  coca — Oil  of  coca  leaves. 

Ztsopbyllaoeae. 

iluluesia  aarmisnti—Qaai&c  wood  oil. 

Rut  ace  ae. 
Xanthoijlttm  piperitnm — Japanese  pepper  oil. 
Xanthoxylum  hamiltoni&nnm—Qil  of  seeds. 
Rnta  grareoIena—OH  of  rue. 
Boronia  polyga-lifolia — Boronia  oil. 
Barosma  betalina,  B.  serrntifolia — Oil  of  buchu  leaves. 
Empieumm  eerrn latum— Oil  of  leaves. 
Pilocarpus  jaborandi— Jaborandi  oil. 
Cnsparia  trifoliata—0i\  of  angustura  bark. 
Toddalia  acuIc&ta—T  odd  alia  oil. 
Citrus  limonan*  -Oil  of  lemon. 

Citrus  aumntinm    Oil  ol  sweat  orange,  oil  of  nerolf  (Portugal). 
Citrus  big&radia—OW  of  bitter  orange,  oil  of  neroll,  oil  of  petit  grain. 
Citrus  bergamia — Oil  of  bergamot. 
Citrus  me/I  kit — Cedrus  oil. 

Citrus  medica  var.  aeida—  Went  Indian  lime t to  oil. 
Citrus  limet ts— Italian  limette  oil,  oil  of  leaves. 
Citrus  BobiRs— Oil  ot  mandarins. 
Citrns  deeumana— Grape  fruit  oil. 
Sehimmelia  ohifera — West  Indian  sandalwood  oil. 
Daeryodea  hexandra—OW  from  oleoresin. 

BCRSEBACEAE. 

Commiphora  abyasiDica,  C.  Bchimperi—Oi)  of  myrrh 
Balsamodendron  kafaJ— Opoponax  oil. 
Boswelliti  carteri—Oii  of  frankincense. 
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C&aarium  spec.  ?— Eleini  oil. 

leiea  heptapbylla — Cooima  resin  oil. 

Buraera  aloexylon — (Mexican)  lignaloe  oil. 

Meliaceae. 
Cedrola  odorata  and  other  species— Cedrela  wood  oil. 

POLYGALACEAE. 

Polygalu  senega — Oil  of  senega  root. 

Polygaln-    variabilis,    P.    oleifeni,    P.    ralcarea,    P.    depress*,    P.    nmnori viii&i  — 
Methyl  salicylate. 

EUPHOBBIACEAE. 

Croton  elnteria— Cnscarilla  oil. 
Stillingia  silvatica — Still  m^ria  oil. 

An  acardi  ac  k  ae  . 
Putania  lentiaeaa — Mastic  oil. 
Pistacia  terebinthas— Chios  turpentine  oil. 
ScMnuB  inolle-  -Schinus  oil. 

VlTACEAE. 
fitis  vinifera— Cognac  oil. 

TlUACEAE. 
Tilia  uimifolia,  T.  platyphylloa — Oil  of  linden  flowers. 

Malvaceae. 
Hibiscus  abelmoacbns— Oil  of  amhrette  seeds. 

The  ace  ae. 
Then  cAinensis— Tea  oil. 

Diptebocabpaceae. 

Dryoh&Ianops  camphora—  Borneo  camphor  oil. 
Dipterocarfim  turbinatus  and  others — Gurjnn  balsam  oil. 

ClBTACEAE. 

Cist  as  cretieus,  V.  ladanilerns— Labdauum  oil. 

Canellaceae. 
Cannlht  alba — Cauella  oil. 

TUBNEBACEAE. 
Turnera  aphrodiai&ca,  T.  diffusa — Daniiana  leaf  oil. 
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Lythbaceae. 
La  wso nia  in ermia—  Henna  oil. 

MybTACEAE. 

MyrtoB  communis—  Oil  of  myrtle. 

Myrtus  c h eken  -Cbeken  leaf  oil. 

Pimenta  officinalis — Oil  of  pimento. 

Pimenta  aerie— Oil  of  bay. 

Eugenia  caryopbyllata — Oil  of  cloves,  oil  of  clove  stems, 

Melaleuca  leucndendron — Cajepnt  oil. 

Melaleuca  viridiflora— Niaouli  oil. 

Melaleuca  leacadendron  var.  lantifolia,  M.  acuminata,  M.  decuaaata,  M.  eririfolia, 
M.  geuiatifolia,  M.  linariifolia,  M.  aquarroaa,  M.  uncinata,  M.  wilaonu— contain 
in  the  leaves  cajeput-like  oils. 

Eucalyptus  globulus,  E.  odorata,  E.  rneoritolia,  E.  oleosa,  E.  dumoaa,  E. 
amygdalitis,  E.  roatrata,  E.  popnlifera,  E.  corymbosa,  E.  mainifera,  E. 
baileyana,  E.  microcoria,  E.  riadooia,  E.  leucoxylon,  E.  bemiphhia,  E.  crcbra, 
E.  macrorrhyncba,  E.  capitellata,  E.  eugenioidea,  E.  obliqna,  E.  punctata, 
E.  ioxophhba,  E.  destropiiiea,  E.  laevopinea,  E.  maculata,  E.  citriodora, 
E.  dealbata,  E.  planchon'tana,  E.  staigeriana,  E.  haemaatoiaa,  E.  piperita, 
E.  di  versicolor,  E.  fisailia,  E.  goniocalyx,  E.  gracilis,  E.  lebmanni,  E.  longi- 
lblia,  E.  occideutalis,  E.  pauciflora,  E.  atuartiana,  E.  temticornis,  E. 
tcsBellaria— yield  the  various  eucalyptus  oils. 

Bactbottsia  citriodora — Backhousia  oil. 

Araluceae. 
Aralia  nudicaulia— Oil  of  rhizome. 

Umbelliferae. 

Corip.il/lnim  sativum — Coriander  oil. 

Luminum  cyminum— Cumin  oil. 

Apium  grav8olens—Ol\  of  celery  seed,  oil  of  herb. 

Petrosalinnm  sativum— Parsley  oil,  oil  of  root,  oil  of  herb. 

Cicut&  virosa — Cicuta  oil. 

Cicuta  maculata — Oil  of  fruit. 

Varum  caryi— Caraway  oil. 

Carum  a/'diV'M    Ajowan  oil. 

Pimpinella  auisum— Anise  oil. 

Pimpinella  aaxifraga—  Oil  of  root. 

Pimpinella  nigra— Oil  of  root. 

Focniculnm  vulg&re— Fennel  oil. 

Memn  athamonticum — Oil  of  root. 

Silaas  prateneia — Oil  of  fruit. 

Oenanthe  aquatics — Oil  of  water  fennel. 

Laviaticum  officinale — Oil  of  lovage  (root),  oil  of  seed,  oil  of  herb. 

Arclmugelica  officinalis— OH  of  angelica  (root),  oil  of  seed,  oil  of  herb. 
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Angelica  refracts  ( n no  mala  '■')— Japanese  angelica  root  oil. 

Ferula  aaa  foetida— Oil  of  auafetida. 

Ferula  rnbrieaoiia— Gal ban nm  oil. 

Ferula  sumbul—OW  of  eumbiil. 

Dorema  ammouiacnm — Ammoniac  oil. 

Peucedanum  oreoaelinum — Oil  of  fresh  herb. 

Peueedannm  ostrnthlum — Oil  of  root. 

Peucedanum  graveolena—DiU  oil, 

Anethum  aowa—  East  Indian  dill  oil. 

Peucedanum  sat -ivtim— Paatioaca  oil. 

Peucedanum  grnnde— Oil  of  fruit. 

Peueedannm  officinale — Oil  of  root. 

Beracleum  sphondylium — Oil  of  Trait. 

Herackmm  gigantenm— Oil  of  fruit. 

Dttucus  e&rota — Oil  of  carrots. 

Oamorrhiza  longietylia— Oil  of  root. 

PlBOLACBAE. 

Monotropa  hypopitya— Oil  of  stem. 


Ledum  palnatrc — Oil  of  Labrador  tea. 
G&ultheria  procumbena—OW  of  wintergreeii. 
Gaultheria  punctata — Oil  of  leaves. 
G&ultheria  leucocarpa—Q\\  of  leaves. 

Prim  ul  ace  AG. 
'  Primula  reria — Oil  of  root. 

CON  VOL  VTJL  ACE  A  E . 
Convolvulus  acoparia,  C.  Horidun — Oil  of  rhodium. 

Verb  en  ace  ag. 
Verbena  triphyfla— Verbena,  oil. 
Lantaoa  camara — Oil  of  herb. 
Vitex  trifotia— Oil  of  leaves. 

Labiatae. 
Rosmarinus  ofUcina lis— Oil  of  rosemary . 
Lavandula  vera — Oil  of  lavender. 
Lavandula  spica— Oil  of  spike. 
Lavandula  atoecbaa— Oil  of  herb. 
Lavandula  dentata— Oil  of  herb. 
Lavandula  peduncnlata— Oil  of  herb. 
Nepeta  rataria — Oil  of  catnep. 
Nepeta  glechoma— Oil  of  gill-over-the-ground. 
Salvia  officinalis— OH  of  sage. 
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Salvia  aclana— Oil  of  herb. 

Monarda  punctata —  Horspmirtl  oil. 

Monarda  didyma — Oswego  tea  oil. 

Monarda  Set n loan— Wild  bwgamot  oil. 

Melissa  officinalis—  Balm  oil. 

Hedeoma  pulogioidcv—Peuuyroyai  oil. 

Hyssopus  officinalis— Hyssop  oil. 

Satuirja  horteasis — Oil  of  summer  savory. 

Satnmjti  mont&na — Oil  of  winter  savory. 

Satureja  thymbra — Oil  of  herb. 

Origanum  volgare— Oil  of  wild  marjoram. 

Origanum  majoraoa — Oil  of  sweet  marjoram.  , 

Origanum  hirtum,  0.  amyrnaeum  aud  others — Oil  of  Cretian  origanum. 

Thymus  vulgaris— Oil  of  thyme. 

Thymus  serpyltnm — Oil  of  wild  thyme. 

Thymus  capita-tun — Oil  of  herb. 

Lycopua  virginkuB— Oil  of  bugle  weed. 

Mentha  piperita,  M.  arveosia  var.  piperascena— Oil  of  peppermint. 

Mentha  ailveatria  var.  crispa,  M.   viridia— Oil  of  spearmint. 

Mentha  aqnatica — Oil  of  herb. 

Mentha  arrenaia— Oil  of  herb. 

Mentha  canadensis— Oil  of  Canada  mint. 

Mentha  pnlegium — Oil  of  European  pennyroyal. 

Pogoatemon  pa tchouly—  Patclioiily  oil.  * 

Pogoatemon  comoana — Oil  of  leaves. 

Ocimum  baailicum— Oil  of  sweet' basil. 

Morula  japonka— Oil  of  herb. 

■Cnnila  mariana — Oil  of  herb. 

Lophantus  aniaatua— 0i\  of  herb. 

Pycnanthemum  lanceolatum — Oil  of  mountain  mint. 

Pycnanthemum  incannm — Oil  of  herb. 

Solan ackab. 
Fabinoa  imbricata — Oil  from  leaves. 

C  AP  RIPO  LI  ACE  AE . 

Sambucus  nigra— Oil  of  flowers. 

Valerianate  ae. 

Valeriana  officinalis— Oil  of  valerian. 

Valeriana  officinalis  var.  angnstifoIia—Kestio  oil. 

Valeriana  Celtics- Oil  of  root. 
NardtwtachyB  jat&mansi— Oil  of  root. 


Eupatorinm  foeniculaeenm— Oil  of  entire  plant. 
Ageratom  conyzoldes— Oil  of  herb. 
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Solidago  otlora— Golden  rod  oil.  • 

Solidago-  nigoaa~0\\  of  herb. 

Erigeron  canadensis— QW  of  flea  bane. 

Blumea  bnlaamifera,  BI.  lacem— Blumra  camphor. 

Helichrysum  atoechaa — Oil  of  tierb. 

Inula  helenium — Oil  of  t'lecampaue. 

Oftmitopas  asteriscoides — Oil  of  herb. 

Ambrosia  artemiaiaefolia — Oil  of  rag  weed. 

Anthemis  nobffia — Oil  of  Roman  chamomile. 

Anthemia  cotula — Oil  of  maywetd  or  dog  fennel. 

Achillea  millefolium — Oil  of  milfoil. 

Achillea  nobilia— Oil  of  herb. 

Achillea  moechata~-0\\  of  flowering  herb. 

Achillea  coronopifolia— Oil  of  herb. 

Achillea  ageratom~Oi\  of  herb. 

Matricaria  chamomilla — Oil  of  German  chamomile. 

Matricaria  parthenium — Oil  of  flowering  plant. 

Tanae.Pttini  v alga re— Oil  of  tansy. 

Tanacetnm  lialsamita — Oil  of  herb. 

Pyrethrum  in dim m — Kikn  oil. 

Artemisia  vulgaris— Oil  of  mug-wort, 

Artemisia  rfracunivi/us— Esdragon  oil. 

Artemisia  cinn— Worm  seed  oil. 

Artemisia  absinthium— Oil  of  wormwood. 

Artemisia  gallica— Oil  of  herb. 

Artemisia  barrellieri—Oii  of  herb. 

Artemisia  glncialis — Oil  of  herb. 

Erechthitea  hieracifolia — Oil  of  fire  weed. 

Arnica  monta»a—0\i  of  arnica  flowers,  oil  of  arnica  root. 

Sausaurea  lappa — Oil  ol  root. 

Carl'ma  acaulia— Oil  of  root. 

Spaeranthna  indicns— Oil  of  root. 
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1.    Oil  of  Male  Fern. 

Origin.  The  anthelmintic  properties  of  the  rhizome  of  male  fern, 
Aapidium  fitix  mas  Sw.,  are  said  to  be  due  in  part  to  small  quantities 
of  a  volatile  oil,  which  was  first  prepared  by  Bock '  in  1851  by  distil- 
lation with  water  vapor.  The  yield  varies  according  to  the  season  in 
which  the  rhizome  is  collected.  Ehrenberg3  in  1893  obtained  from  air- 
dried  rhizome  freshly  collected  in  June  0.025  p.  c. ;  from  rhizome  collected 
in  the  months  from  September  to  November  he  obtained  0.04  to  0.045 
p.  c.  of  volatile  oil  respectively. 

Properties.  The  volatile  oil  of  male  fern  is  a  light  yellow  liquid, 
with  an  intense  male  feru  odor,  and  an  aromatic,  afterwards  burning 
taste.  It  is  readily  soluble  in  ether  and  absolute  alcohol.  Its  specific 
gravity  lies  between  0.85  and  0.8G.  Most  of  the  oil  boils  between  140 
and  250°.  Above  this  temperature  decomposition  takes  place  and  dark 
colored  products  distil  over. 

Composition.2  Besides  free  fatty  acids  (principally  butyric  acid)  oil 
of  male  fern  contains  the  hexyl  and  octyl  esters  of  the  fatty  acids  from 
butyric  acid  upwards,  probably  up  to  pelargonic  acid.  The  substances 
to  which  the  peculiar  physiological  action  is  due  have  not  yet  been 
isolated. 

2.    Oil  of  Anglopteris  Evecta. 

This  fern,  Angiopteris  evecta  Hoffm.,  yields  an  aromatic  oil,  said  to 
be  used  in  the  South  Sea  Islands  for  perfuming  cocoanut  oil  (Mtiiden8). 

3.    Oil  of  Polypodium  Phy  mat  odes. 

Polypodium  phyirmtorks  L.  (Pleopeltix  phymntoden  G.  Moore)  like 
the  above  fern  yields  an  oil  nlso  said  to  be  used  in  the  South  Sea 
Islands  for  perfuming  cocoanut  oi!.s 
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OILS  OF  THE  ABIETINE£. 

Turpentine    Oil,    Pine   Tar    Oil    ("Kienol"),    and    the    Pine 

Needle  Oils   ("Fichtennadeldl"). 

The  term  turpentine  oil  is  applied  in  a,  more  restricted  sense  to 
the  product  obtained  by  distillation  of  turpentine  with  water  vapor. 
"Kienol"  iB  the  product  obtained  by  the  dry  distillation  of  coniferous 
roots  rich  in  resin.  The  name  turpentine  oil,  in  a  more  general  sense, 
is  sometimes  applied  to  these  oils  also,  but  this  use  of  the  term  should 
be  avoided.  The  oils  obtained  by  the  distillation  with  water  vapor  of 
the  leaves  or  one  year  old  cones  of  various  conifers  are  grouped  under 
the  collective  term  of  pine  needle  oils. 

As  to  chemical  composition,  the  oily  distillates  of  the  turpentine, 
the  wood,  and  the  leaves  have  in  common  one  characteristic  constituent, 
viz.  pineue.  The  turpentine  oils  proper  consist  almost  exclusively,  the 
pine  tar  oils  very  largely  of  this  hydrocarbon;  whereas  in  the  pine 
needle  oils  the  place  of  the  pinene  is  frequently  taken  by  limonene  or 
oxygenated  substances,  notably  bomyl  acetate. 

Turpentine  Oils  Proper. 

History.  The  oils  obtained  by  the  distillation  of  the  oleoresins  of 
various  AbietinetP  were  known  to  the  ancients  as  cedar  oil  (vurtriXatov)  i 
and  later  became  known  as  turpentine  oil.  The  oil  as  well  as  the  resin, 
the  colophonium,  were  used  by  seafaring  people.  Taking  into  consider- 
ation the  perfection  early  reached  by  the  Chinese  and  Japanese  in  the 
preparation  of  varnishes  and  lacquers,  it  may  be  supposed  that  conifer- 
ous oils  were  distilled  and  used  by  them.  However  this  may  be,  the 
oils  of  the  Abietinese  obtained  in  a  crude  manner  have  evidently  been 
the  first  volatile  oils  that  found  commercial  use  and  technical  application. 

The  name  turpentine  oil  seems  to  have  been  introduced  during  the 
period  of  Greek  civilization.  Like  the  older  synonyms  (cedar  oil,  etc.) 
it  apparently  was  used  as  a  collective  term.  It  is  of  Persian  origin,9 
and  may  have  been  derived  from  the  Cyprian  species  Pistucm  tere- 
binthuH  L. 

As  far  as  is  known  to  history,  the  preparation  of  turpentine  oil 
probably    had    its    origin    in    the    Caucausus     and    its     south- western 


,  Hfitorl&e,  Lib.  II,  p.  83.  —  DloKoridea,  Dp  mat.  med„  Lib.  I.  p.  84. 
Edttlo  KflhD-Spmntcel,  1830,  1,  p.  98.  —  PHnlua,  Naturalta  his  to  rise  libri.,  Lib.  15,  cap. 
8— 7  I  and  Lib.  Ill,  cap.  22. 

a)  Flflcklffer.  Pbarniacoftnoale,  P.  TT. 
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spurs.  In  central  Europe  it  became  known  during  the  middle  ages, 
somewhat  later  also  in  northern  Europe.  The  North  American  industry 
had  its  origin  in  the  dense  and  extensive  pine  forests  of  the  Sonth 
Atlantic  States  and  developed  in  the  beginning  of  the  eighteenth  century 
especially  in  Virginia  and  Carolina.' 

Inasmuch  as  the  crude  turpentine  oil  found  little  or  no  use  in  either 
household  economy  or  in  religious  rites,  it  is  but  seldom  mentioned  in 
early  literature.  Attention  has  already  been  called  on  pp.  5,  20,  21, 
22  and  51  to  mentionings  by  the  older  writers.  Since  its  introduction 
into  medicine,  the  mediaeval  works  on  distillation  and  materia  medica 
make  mention  ot  the  oil.  In  addition  to  the  references  by  Villanovus 
and  Lullus,  who  lived  in  the  thirteenth  century,  to  which  attention  has 
been  called  on  pp.  20  and  21,  mention  is  made  of  oil  of  turpentine  by 
the  following  writers  of  the  fifteenth  century:  Saladinus  of  Asculo8  and 
the  canon  Johann  of  Santo  Amando  of  Doornyk;8  during  the  sixteenth 
century  by  Walter  Ryff,*  Conrad  Gesner,"  Joh.  Baptista  Porta,8  Valerius 
Oordus7  and'Adolphus  Occo.8 

Attention  has  already  been  called  to  the  synonymous  usage 
during  the  seventeenth  century  of  the  designations  of  alcohol  and 
turpentine  as  aqua  ardene  and  spiritus.  The  name  Spiritus  tere- 
binthinap  has  maintained  itself  as  a  popular  term  up  to  this  time.  As 
huile  aetherGe  it  seems  to  have  been  first  designated  in  the  year  1700. 

The  early  observations  made  in  connection  with  oil  of  turpentine 
concerned  its  behavior  at  low  temperatures.  As  early  as  1794 
Margueron*  claims  to  have  observed  that  the  oil,  when  reduced  to  a 
temperature  of  — 22°  R.  solidifies  to  a  crystalline  mass.  Crystals  had 
already  been  observed  by  Geoflroy  in  1727  in  the  neck  of  the  retort 
while  distilling  the  oil.  In  conformity  with  the  practice  of  designating 
as  camphor  all  solid  substances  separating  from  volatile  oils,  these 
needle-like  crystals,  presumably  piuol  hydrate,  were  called  turpentine 
camphor. 

i)  Peter  Kalm'H  Rein,  etc..  vol.  3.  pp.  418.  656;   vol.  3.  pp.  998,  805,  538. 

ScbOpf,  Rrfw.  etc.  vol.  2.  pp.  330.  338.  278. 

Mlctaaux,  Hletolre  de*  arbreH,  etc. 
1)  Saiadiul  Agcula.nl,  Compendium,  etc. 
■>  Eipoeltto  Janli  de  Santo  Amando. 
»)  RtB,  Neu  grow  Deatllllrbucb,  etc.,  lul.  180. 

=  )  EId  koatllcher  tbenrer  Schati  Ruonyiol  PbUlatrl,  vol.  1,  p.  388. 
•}  Glo.  Batt.  Porta*,  Maa-lae  naturaJli. 
')  Dispense  to  Hum  Norlcnni.    1546. 
»)  Pbarmaeopoea  pro  Republic*  Anoiiitana.    1564. 

•)  Jon rn.  de  Cblm.  ft  de  Phva.,  3,  p.  ITS;  CreJI'e  Chem.  Annal..  II,  pp.  195,  810 
and  480. 
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While  making  the  eocalled  Liquor  a-ntarthriticuu  Pottii,  in  the 
preparation  of  which  hydrogen  chloride  jm  parsed  into  turpentine  oil. 
the  apotlwcary  Kind,1  of  Eutin,  in  1808  obtained  a  solid  crystalline 
mass2  which  he  considered  to  be  artificially  prepared  camphor.  This 
compound  was  examined  by  Gehlen8  in  1819  and  by  Dumas*  in  1838. 
The  first  elementary-  analysis  of  the  oil  was  made  by  Houton- 
Labilliardiere6  in  1817.  In  the  same  year  this  oil  served  as  the  first 
volatile  oil  of  which  the  angle  of  rotation  was  ascertained. 

Origin.  The  various  species  of  PinuB,  Picea  and  Abies,  of  the  family 
Pin&ctme,  growing  in  the  temperate  zones,  contain  in  special  ducts  under 
the  bark  an  oleoresin,  which  in  some  species  collects  in  cavities.  If  the 
cambium  under  the  bark  is  wounded,  or  if  the  cavities  are  tapped,  the 
oleoresin  exudes,  sometimes  turbid,  sometimes  clear.  This  oleoresin. 
which  since  antiquity  has  been  known  as  turpentine,  is  a  solution  of 
resin  in  volatile  oil.  This  solution  is  mostly  rendered  turbid  by  the 
intimate  admixture  of  aqueous  sap.  Even  when  exposed  to  the  air  it 
mostly  remains  turbid  mid  frequently  congeals  to  a  granular  or  crystal- 
line, honey-like  mass. 

This  turpentine,  when  distilled  either  by  itself  or  with  water  vapor, 
yields  the  turpentine  oil;  and  there  remains  a  residue  which,  when 
remolteu  and  strained,  constitutes  rosin  or  colophony. 

In  former  centuries,  oil  of  turpentine — most  likely  in  part  also  cedar 
oil — was  distilled  in  the  eastern  countries  bordering  on  the  Mediter- 
ranean, especially  in  Asia  Minor.  When,  with  the  development  of  the 
arts  and  industries  as  well  as  with  that  of  navigation,  it  became  more 
important  and  found  wider  application,  greater  advantage  was  taken 
of  the  coniferous  forests  in  the  more  northern  European  countries.  The 
principal  producers  were,  and  are  in  part  to-day,  the  central  European 
mountainous  sections,  rich  in  conifers,  from  Hungary  and  (ialicia  to 
Spain  and  Portugal :  also  the  large  coniferous  forests  of  Russia,  of 
eastern  Germany,  and  of  the  southern  provinces  of  the  Scandinavian 
countries.  In  the  course  of  the  previous  century,  North  America  has  been 
added  with  its  apparently  inexhaustible  coniferous  forests,  and  with  its 
turpentine  industry  that  surpasses  that  of  all  other  countries.  In  spite 
of  the  economic  waste  of  two  centuries,  America  still  is  and.  no  doubt 
will  continue  to  be  the  principal  producer  of  these  articles  of  commerce. 

i)  Trominndorlt'a  Jouro.  der  Pharm.,  11«,  p.  182. 

»)  Plnme  monohydrochlorlde,  C»HltCl. 

>1  (iehlen'H  aUgem.  Journ.  I.  d.  Chrra.,  S.  p.  462. 

*)  Ann.  de  Cblm.  ot  Phye.,  II,  H2,  p.  401);  Lieblg'a  Annolen,  ft,  p.  se. 

•■•)  Journ.  dc  Pharnmrle,  11,  4,  p.  5. 
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With  reference  to  geographical  origin,  the  American  and  French 
oils  only  come  into  consideration  in  the  world's  commerce.  The  other 
commercial  brands  have  only  local  significance. 

General  Properties.  Freshly  distilled  turpentine  oil  is  a  colorless, 
limpid  liquid  of  a  peculiar  odor  which  varies  somewhat  according  to 
its  source.  The  French  oil,  e.  g.  reminds  somewhat  of  juniper  and  has  a 
finer  and  milder  odor  than  the  American  oil  with  its  decided  terebin- 
thinate  odor.  The  sharp  odor  of  old  oil  is  said  to  be  due  to  an  aldehyde,1 
CioHiaOs,  which  is  supposed  to  be  formed  by  the  exposure  of  the  oil  to 
the  oxygen  of  the  air. 

Turpentine  oil  is  volatile  at  ordinary  temperature.  During  evapo- 
ration, a  part  of  the  oil  resinifles,  taking  up  oxygen.  The  residue,  which 
is  sticky  at  first,  gradually  takes  on  the  consistency  of  rosin. 

Owing  to  the  presence  of  traces  of  free  formic  and  acetic  acids,  crude 
oil  of  turpentine  has  a  faint  acid  reaction.  For  this  reason  it  has  to 
be  rectified  with  milk  of  time  for  certain  purposes.  When  air  is  not 
sufficiently  excluded,  oxidation  products  with  an  acid  reaction  are 
soon  reformed. 

Of  physiological  interest  is  the  fact  that  turpentine  oil,  when  taken 
internally,  or  when  the  vapors  are  but  inhaled,  impart*  to  the  urine  a 
peculiar  violet  odor.  This  peculiarity  is  shared  by  all  pinene-coutaining 
oils.  Other  terpenes  do  not  possess  this  property.  The  inhalation  of 
the  vapors  of  turpentine  oil  for  a  longer  period  produces  an  unpleasant 
affection  of  the  kidneys  known  as  painter's  disease. 

Solubility.  Turpentine  oil  is  difficultly  soluble  iit  alcohol,  especially 
in  dilute  alcohol.  Owing  to  this  property,  it  can  often  be  readily  recog- 
nised when  added  to  other  oils  as  an  adulterant.  In  the  course  of  time, 
however,  the  solubility  of  turpentine  oil  in  aleohol  undergoes  consider- 
able change.  Whereas  the  solubility  of  most  oils  diminishes  with  age, 
that  of  turpentine  oil  increases.3  To  effect  a  clear  solution  of  freshly 
distilled  oil,  more  alcohol  is  necessary,  than  for  an  old  oil  which  has 
been  exposed  to  the  air.  The  plausible  explanation  for  this  observation 
lies  in  the  formation  of  more  readily  soluble  oxygenated  compounds. 

>)  It,  according  to-Scbin  (1890),  tbe  oil  from  which  tbe  aldehyde  baa  been  removed 
by  shaking  with  sodium  aclil  sulphite  so  hit  dm.  be  din  til  led  Id  an  atmosphere 
ol  carbon  dioxide,  an  almost  odorless  product  is  obtained.  The  odor,  however,  is 
again  rapidly  developed  when  the  oil  la  exposed  to  tbe  air.    Chem.  Ztg.,  30,  p.  S61. 

')  A  normal  American  turpentine  oil  whlcb  originally  nan  soluble  In  not  leas  than 
6  p.  ol  90  p.  e.  alcohol,  alter  standing  seven  weeks  gave  a  clear  solution  with  8  p.: 
Trench  oil,  whlcb  had  been  standing  tor  lour  years  In  a  bottle  that  was  not  completely 
Ailed,  gave  a  clear  solution  with  but  1  p.  of  90  p.  c.  alcohol. 
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On  account  of  this  changeability,  little  stress  is  to  be  laid  on  the 
solubility  as  a  test.  In  general,  a  good  turpentine  oil  will  be  soluble  in 
from  u  to  12  parts  of  90  p.  c.  alcohol. 

Solubility  of  turpentine  oil  in  alcohol  of  different  strength  according 
to  Ledermami  and  Godeffroy.1 


Strength  of  alcohol  in  percentage  by  volume 


g  to  effect  solution: 
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Turpentine  oil  is  soluble  in  almost  any  proportion  in  ether,  chloro- 
form, carbon  disulphide,  benzene,  petroleum  ether,  glacial  acetic  acid, 
also  in  the  fatty  oils.  When  mixed  with  other  volatile  oils,  turbidity 
occasionally  results.  Turpentine  oil  is  an  excellent  solvent  for  fat». 
resins  and  most  varieties  of  caoutchouc. 

Roii.Ls-ii  Point.  By  far  the  greater  portion  of  turpentine  oil,  namely 
from  75—80  p.  c,  boils  between  155  and  162°.  Above  1(12°  the  mercury 
rises  rapidly  and  there  remains  in  the  flask  a  soft,  colophony-like  resin. 
Concerning  the  quantities  that  distill  over  at  the  various  temperatures, 
also  the  specific  gravity  and  rotatory  power  of  these  fractions  of  rectified 
American  turpentine  oil,  Kremers3  has  recently  made  a  detailed  report. 

On  account  of  the  oxidation  and  polymerization  products  formed, 
the  boiling  point  of  a  resinified  oil  lies  considerably  higher.  Of  the  pine 
tar  oils  also  a  larger  portion  boils  above  162°,  because  of  the  presence 
of  dipentene  and  sylvestrene. 

Rotatory  Power.  An  important  distinctive  feature  of  the  several 
oil  varieties  is  their  different  rotatory  power.  French  oil  is  always 
strongly  laevogyrate.  American  oil  mostly  faintly  dextrogyrate  and  but 
seldom  laevogyrate.  Austrian  oils  have  been  found  to  be  dextro-  as 
well  as  laevogyrate.  The  angle  of  rotation  is  given  in  connection  with 
the  respective  oils. 

I)  Zeltachr.  <1.  alls.  flat.  ipt.-Ver.,   15,  p.  881:    Jahreaber.  t.  Phartu..  1877.  p.  804. 
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Influence  of  Air  and  Light.  It  is  a  well-known  fact  that  turpen- 
tine oil  when  allowed  to  stand  in  open  vessels  undergoes  rapid  change, 
especially  if  water  is  present.  The  oil  becomes  viscid,  the  specific  gravity 
increases  and  the  boiling  point  rises,  the  solubility  in  90  p.  c.  alcohol 
increases,  the  originally  neutral  oil  becomes  acid,  resinifles,  it  becomes 
"rancid"  as  this  change  is  technically  designated.1  Formerly  such  an 
oil  was  termed  ozonized,  because  it  acted  like  a  strong  oxidizing  agent. 

Most  of  these  changes  are  referable  to  a  slow  oxidation  caused  by 
the  oxygen  of  the  air.  Schoenbein3  had  assumed  that  in  this  process 
the  oil  was  charged  with  ozone,  the  oxygen  of  the  air  being  activated 
by  the  turpentine  oil.  It  was  shown  later,  however,  by  Kingzett," 
Bardsky,*  and  Papasogli6  that  the  turpentine  oil  contained  no  ozone8 
hut  hydrogen  peroxide. 

')  A  niirmnl  American  turpentine  oil,  ep.  gr.  0.867,  which  had  been  kept  in  n  stop- 
pered bat  partly  Ailed  bottle,  alter  standing  seven  week*  bad  a  ep.  gr.  of  0.897.  It 
m»  now  soluble  In  8.B  p.  by  volume  of  DO  p.  e.  alcohol,  whereas  the  original  oil  bad 
required  A  p.  to  eflect  a  clear  solution. 

Another  sample  of  American  nil,  after  baring  stood  for  some  time  bad  acquired  a 
sp.  gr.  of  0.918  and  pave  a  clear  solution  with  but  8  p.  of  DO  p.  e.  alcohol. 

A  French  oil.  which  bad  bean  kept  for  four  years  In  a  partly  Sited  but  well  stop- 
pered bottle,  had  undergone  the  following  changes: 

Specific  gravity 0.871  1.009 

Optical  Rotation —  39-"65'  — 19°18' 

Whereas  the  original  oil  required  90  p.  by  volume  ol  80  p.  c.  alcohol  to  effect  a 
clear  solution,  the  oxidised  oil  was  soluble  In  1  p.  of  the  same  alcobol  and  wan  mis- 
clble  In  all  proportions  In  DO  p.  c.  alcohol. 
>)  Lleblg's  Anualen,  102,  p.  188. 

"i  Jnurn.  Chem.  Soe.,  27,  p.  Gil  :  Pharm.  Jouru.,  Ill,  5,  p.  84:  Ibidem,  6,  p.  32S; 
Ibidem.  7,  p.  201;  Ibidem.  »,  pp.  772  and  811;  Ibidem,  20.  p.  80S;  Cb.  ST..  09,  p.  148; 
romp,  also  Bobbins,  I'hiirm  Jouru..  HI,  0.  pp.  748,  792,  872.  According  to  Klngiett, 
the  ultimate  products  ol  the  slow  oxidation  of  turpentine  oil.  camphoric  add  and 
hydrogen  peroxide,  do  not  result  directly  Peroxide  of  camphor,  ('i0H,.Ot.  Is  Drat 
formed  which.  In  the  presence  ol  water,  breaks  up  Into  camphoric  acid  and  hydrogen 
peroxide. 

f»H|*0*  +■  2H,0  =e  H,Oj  +  CioHi«0( 

However.  Klngiett  did  not  succeed  In  Isolating  the  hypothetical  camphor  peroxide. 
Later  (1864)  he  tried  to  explain  the  change  In  a  different  way.    Chem.  News.  69.  p.  148. 

»)  Bardaky  (Chem.  Centralbl.  1882,  p.  SOS)  found  hydrogen  peroxide  and.  as  he 
believes,  nitrous  acid  In  the  water  with  which  oxidised  turpentine  oil  bad  been  shaken. 

«)  According  to  Papasogli  (Chem.  Centralbl.  1888.  p.  1548)  the  water,  which  has 
stood  In  contact  with  turpentine  for  a  longer  period,  contains  hydrogen  peroxide, 
camphoric  acid  (m.  p.  176°),  formic  acid,  acetic  add  and  an  acid  DioHmOs,  Isomeric 
with  rnmpholenlc  add.  —  The  oxydlxed  oil  Itself  Is  said  to  contain  oxysllvlnlc  add. 

•  )  The  accuracy  of  these  Investigations  have  been  questioned  by  no-  one.  and  the 
presence  of  hydrogen  peroxide  In  oxidised  turpentine  oil  can  be  definitely  auurned. 
Nevertheless,  many  text-books  contain  the  statement  that  old  turpentine  oil.  In  fact 
oils  In  general,  contain  oxone.  Inasmuch,  however,  as  osone  and  hydrogen  peroxide 
decompose  each  other  according  to  the  following  equation 

0»  +  H»Oj  =  HjO  +  3  0» 
(Schoene.  Lleblg's  Annalen.  196,  p.  289),  the  presence  at  osone  Is  necessarily  excluded. 


»,  Google 


232  fyeda}  Pari,. 

As  Loew »  has  first  shown,  turpentine  oil  which  has  been  oxidised  in 
the  presence  of  moisture  contains  other  substances  besides  hydrogen 
peroxide.  Oxidized  turpentine  oil  liberates  iodine  from  potassium 
iodide,  a  behavior  not  attributable  to  hydrogen  peroxide.  This  action, 
as  was  already  assumed  by  Kingzett,2  must  evidently  be  attributed  to 
organic  peroxides  whieh  decompose  with  water  so  far  as  ultimately  to 
yield  hydrogen  peroxide.  Presumably  peroxide  hydrates  are  formed  as 
intermediate  products.  The  explanation  of  this  process  has  recently 
been  given  in  a  contribution  by  Engler  and  Weissberg.8 

These  investigators  demonstrate  that,  when  absolutely  dry  turpen- 
tine oil  is  activated,  neither  hydrogen  peroxide  nor  ozone  results.  They 
further  show  that  turpentine  oil  activates  oxygen  most  readily  at  a 
temperature  of  100°;  that  above  100°  no  activated  oxygen  is  formed, 
but  that  it  is  then  used  for  the  oxidation  (destruction)  of  the  oil.  1  cc. 
of  turpentine  oil  can  activate  100  cc.  of  oxygen  at  100°. 

Turpentine  oil,  whether  moist  or  dry,  when  charged  with  oxygen 
has  a  capacity  to  convey  the  oxygen  to  such  substances  as  are  not 
directly  oxydizable  with  atmospheric  oxygen.  Thus,  as  has  already 
been  stated,  iodine  is  liberated  from  potassium  iodide,  indigo  solution 
is  bleached,  arsenous  acid  is  oxidized  to  arsenic  acid.  Activated  turpen- 
tine oil  retains  its  properties  for  years  if  kept  in  the  dark.  But  little 
is  as  yet  known  concerning  the  oxidation  products  resulting. 

The  presence  of  the  following  substances  has  been  definitely  ascer- 
tained :  formic  acid,  acetic  acid  and  camphoric  acid,  CioHi«0».*  Besides 
these,  a  small  amount  of  an  aldehyde,  corresponding  in  its  composition 
with  camphoric  aldehyde,  CioHiaOa.  has  been  found.8  It  possesses  a 
narcotic  odor  and  is  probably  the  cause  of  the  peculiar  odor  of  the  old 
"rancid"  turpentine  oil. 

These  oxidation  processes,  accompanied  by  the  same  changes  of  the 
oil,  are  accelerated  when  warm  air  saturated  with  water  vapor  is  panned 
through  the  oil.8 

■  )  Zelbvhrift  rilr  Cbemle,  II,  S.  p.  60U;  Chem.  Ceiitralbt..  1870,  p.  821. 

>)  Berlchte,  ill,  p.  8046. 

»)  Chem.  Centralbl.,  1888,  p.  1648. 

■)  Kchlff.  Chemlker  Zeltung,  20.  p.  861.  The  aldehydB  seems  tu  form  most  readily 
when  turpentine  oil  Is  kept  In  partly  filled,  not  well  stoppered  bottles  in  diffused  light. 
The  amount  ol  the  unstable  aldehyde  doc-  not  exceed  1  p.  c.  An  ban  already  been 
stated.  It  can  be  removed  by  shaking  the  oil  with  sodium  acid  sulphite  solution.  When 
exposed  to  the  air  In  a  watch  glass,  the  aldehyde  reslnllies,  loses  Its  narcotic  odor 
and  no  longer  reacts  with  rosanlllns  sulphate. 

■)  An  oil,  up.  «r.  0.864,  alter  having  been  treated   In  till 
a  sp.  gr.  ol  0.948.     Klngsett  also  observed  a  considerable  rt 
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By  the  action  of  direct  sunlight  on  moist  turpentine  oil  in  the 
presence  of  air,  or  better  still,  of  oxygen,  pinol  hydrate.CioHtsOjt,  results. 
According  to  the  solvent  used,  pinol  hydrate  crystallises  in  laminae  or 
needles.    Its  inactive  modification  melts  at  1310.1 

Composition.  The  first  elementary  analysis,  referred  to  on  p.  41. 
revealed  the  fact  that  turpentine  oil  consists  of  hydrocarbons  CinHio- 
This  was  verified  by  later  investigations,  which  also  showed  that 
different  oils  reveal  physical  differences  in  so  far  as  some  of  them  turn 
the  plane  of  polarized  light  to  the  left,  others  to  the  right.  Berthelota 
designated  the  laevogyrate  hydrocarbon  terebenthene,  the  dextrogyrate 
one  australene.  Inasmuch  as  the  two  modifications  are  merely  physical 
isomers,  but  chemicaly  identical,  Wallach 8  introduced  the  terms  1-  and 
d-pinene. 

Since  pinene  is  one  of  the  most  labile  terpenes,  it  is  not  surprising 
that  some  of  its  decomposition  products  are  formed  during  the  pro- 
duction of  turpentine  oil,  and  thus  get  into  the  oil.  As  already  stated, 
the  oil  contains  traces  of  formic  and  acetic  acids,  also  resin  acids.  At 
higher  temperatures,  these  act  on  the  pinene  so  that  dipentene  and 
presumably  polymeric  terpenes  result.  At  least  both  are  found  as 
constant  companions  of  the  pinene  in  the  turpentine  oil. 

Certain  observations  and  indications  render  it  probable  that 
camphene  and  fenchene  belong  to  the  normal  constituents  of  turpentine 
oil.  Since  the  boiling  point  of  both  of  these  lies  very  close  to  that  of 
pinene,  a  direct  proof  to  which  no  objection  can  be  raised  is  impossible. 
Nevertheless,  it  may  be  assumed  that  the  indirect  proof  for  the  presence 
of  camphene  has  been  furnished. 

Armstrong  and  Tilden*  found  camphene  in  the  no-called  terebene, 
the  product  resulting  by  the  action  of  concentrated  sulphuric  acid  on 
turpentine  oil.  They  assumed  that  the  camphene  resulted  according  to 
a  reaction  analogous  to  the  one  by  which  it  can  be  obtained  from 
pinene  hydrochloride,  a  possibility  not  to  be  denied  off-hand.  Power 
and  Kleber,5  however,  consider  it  more  probable  that  the  camphene 
is  contained  originally  in  the  oil,  and  that  its  presence  becomes  notice- 
able only  after  the  destruction  and  removal  of  the  pinene. 

The  result*  of  the  investigation  by  Bouchardat  and  Lafont8  also 
seem  to  permit  a  similar  conclusion.    They  heated  French  turpentine  oil 


i)  I.leblR'H  A  mi  Men,  BO.  p.  108;  Ibidem,  ■)  Lirbift'e  Anoalen,  227,  p.  800. 

250.  p.  BIS:  Journ.  Chum.  Sot.,  6fl,  p.  BIS.  41  Berfchie,  12,  p.  1753. 

*)  Compt.  rend.,   55,  pp.  4BB  and   644:  •>)  Pharm.  Rnndschaq,  12,  p.  IS. 

Mrtilg'n  Annalen,  Suppl.  II.  p.  226.  ")  Co  nipt.  rend..  113,  p.  Ml. 
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with  benzoic  arid  anhydride  for  fifty  hours.  From  the  product  of 
reaction  they  isolated  camphene,  also  esters  of  ieobomeol  and  fenchyl- 
alcohol,  whose  formation  is  probably  due  to  the  presence  of  camphene 
and  fenchene. 

The  same  investigators1  obtained,  by  the  action  of  sulphuric  acid 
on  French  turpentine  oil  and  the  subsequent  treatment  with  alcoholic 
potassa,  two  potassium  salts  of  the  composition  CioHnOSOaOK,  which 
upon  hydrolysis  with  acids  yielded  borneol  and  potassium  hydrogen 
sulphate  on  the  one  hand,  and  1-fenchyl  alcohol  and  the  same  potassium 
salt  on  the  other.  The  formation  of  these  salts  likewise  indicates  the 
presence  of  camphene  and  fenchene. 

The  presence  of  1-camphene  in  American  turpentine  oil  was  shown 
by  Schimmel  &  Co.s  in  the  following  manner.  By  treating  fraction 
160— 161°  of  American  turpentine  oil  (sp.  gr.  0.8C9;  [o]d  =  +  1°16') 
with  glacial  acetic  acid  and  sulphuric  acid  according  to  Bertram's 
method. a  isobornyl  acetate  resulted  which  upon  saponification  yielded 
isoborneol  (m.  p.  of  the  phenyl  urethane  derivative  138°).  Inasmuch 
as  pure  pinene,  regenerated  from  the  nitroso  chloride  does  not  yield 
isoborneol  when  treated  in  the  same  manner,  the  formation  of  isoborneol 
is  explained  by  assuming  the  presence  of  camphene  in  the  American  oil. 

Adulterations.  On  account  of  its  cheapness,  turpentine  oil  has 
been  used  largely  as  an  adulterant.  It  itself  has  been  subject  to 
adulteration  with  petroleum  and  resin  oils. 

Petroleum.  Common  illuminating  oil.  also  the  lighter  as  well  as  the 
heavier  fractions  of  petroleum  have  been  used.  Illuminating  oil  and  the 
lighter  petroleum  fractions  are  recognized  by  the  lowering  of  the  specific 
gravity ;  also  by  the  lower  flashing  point,  which  lies  at  HH — 34°  for  pure 
turpentine  oil.  The  heavier  fractions  of  petroleum  are  not  volatile  with 
water  vapor  and,  therefore,  remain  behind,  when  the  oil  is  rectified 
with  water  vapor,  as  a  fluorescent  residue  which  is  not  affected  by 
concentrated  nitric  and  sulphuric  acids. 

Socalled  piiteut  turpentine  oih  are  frequently  mixtures  of  petroleum 
products  with  turpentine  oil  or  camphor  oil.  Sometimes  they  are 
nothing  but  petroleum  hydrocarbons  brought  upon-  the  market  under 
various  fanciful  names.  Such  designations  are:4  Canadian  turpentine 
oil,  patent  turpentine,  turpentyne,  turpenteen,  larixolin,  paint  oil,  and 
others.      According    to    Dunwody,n    mixtures    of     turpentine    oil    and 

n  Compt.  rand..  133,  p.  111.  *>  I'hftrm.  Oentrslh..  8S,  p.  131. 

1)  Berlcht  vnn  S.  A  Co.,  Oct.  1N97.  p.  «8.        «l  Amer.  Joarn.  I'harm.,  «2,  |>.  28S. 

*)  Jtiurn.  f.  prakt.  Chcm..  II,  49,  p.  1. 
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petroleum  differ  from  pure  turpentine  oil  by  their  different  solubility  in 
99  p.  e.  acetic  acid.  Absolute  acetic  acid  (99.5  to  100  p.  c.)  is  said  to 
be  miscible  in  all  proportions  with  petroleum  as  well  as  with  turpentine 
oil.  An  acetic  acid  prepared  by  mixing  99  cc.  of  glacial  acetic  acid 
and  1  cc.  of  water  makes  a  clear  solution  with  turpentine  oil  in  the 
ratio  of  1:1,  but  not  with  petroleum.  Tor  the  complete  solution  of 
turpentine  oil-petroleum  mixtures  the  following  quantities  of  this  acetic 
acid  (99  +  1)  are  required. 

Petroleum 12       8        4        5        7        8  cc. 

Turpentine  oil 98       7        6        5        8        2    " 

Solution  effected  with  acetic  ac.  (9U+U    40     60     80    110    150    230    270  cc. 

The  Prussian  Revenue  Commission  has  recently  •  directed  the  use  of  a 
test  based  on  the  different  solubility  of  turpentine  oil  and  mineral  oils 
in  aniline  for  the  detection  of  patent  turpentine  oils.2 

"In  a  cylinder  of  50  cc.  capacity  and  calibrated  iu  en.,  also  provided 
with  a  glass  stopper,  10  cc.  of  the  oil  in  question  tire  poured  and  10  cc. 
aniline  are  added.  The  cylinder  is  stoppered  and  the  mixture  thoroughly 
shaken.  If  after  live  minutes  the  solution  is  not  uniform,  but  has  separated 
into  two  layers,  the  oil  is  a  patent  turpentine  oil.*" 

Conradson8  detects  petroleum  in  turpentine  oil  in  the  following 
manner: 

50  cc.  of  oil  are  evaporated  on  a  waterbath  down  to  from  1  to  2  cc.  If 
the  oil  was  free  from  |>etroleum,  the  residue  should  be  soluble  in  from  5 — 10  cc. 
of  glacial  acetic  aciJ.  If  10  p.  c.  or  more  of  petroleum  was  present,  the 
mixture  is  turbid  and  separates  iuto  two  layers  upon  standing. 

For  the  quantitative  estimation  of  the  petroleum,  the  turpentine  oil 
is  oxidized  with  fuming  nitric  acid  and  the  residue,  not  acted  upon  by 
the  acid,  is  weighed  as  mineral  oil. 

According  to  Burton4  100  cc.  of  oil  are  carefully  cooled  in  a  spacious 
flask  connected  with  a  reflux  condenser  and  800  cc.  of  fuming  nitric  acid  are 
slowly  added  from  a  dropping  funnel.  The  residual  oil  is  washed  with  hot 
water  and  weighed.  Control  experiments  with  known  mixtures  showed  that 
the  determination  is  more  accurate  for  the  higher  boiling  fractions  of  petroleum 
than  for  the  lower  ones,  for  the  latter  are  somewhat  attacked  by  nitric  acid. 
A   petroleum  product  boiling  at  250°  yielded  34.1   p.   i:   in  place  of  85  p.  c; 

')  According  to  the  former  official  (HrectionH  lor  tenting  for  purpoee«  of  revenue,  an 

the  oil  was  shaken  with  an  equal  volume  <i[  fuming  hydrochloric  add,  or  with  one 
volume  ol  hydrochloric  add  (1.12)  and  %  vol.  ol  English  sulphuric  add.  As  wan  to 
be  expected,  this  process  frequently  yielded  no  reliable  result*  and,  aj>  a  con*ennence, 
wo*  frequently  criticised. 

•1  C'heni.  Zeltunjt,  22.  p.  B84. 

«>  Chen.  Centralbl.,  1887.  II,  p.  4*0. 

•1  Ainer.  C'hem.  Joum.,  12.  p.  102. 
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a  petroleum  product  boiling  at  75°  yielded  17.9  p.  c.  in  place  of  20  p.  c;  and 
28  p.  c.  in  place  of  31  p.  c.  A  similar  method  is  described  by  Allen'  who 
employ!  400  cc.  of  turning  nitric  acid  instead  of  300  cc.  for  tlie  same 
quantity  of  oil. 

The  older  method  of  Armstrong2  is  based  on  the  fact  that  turpen- 
tine oil  is  polymerised  with  concentrated  sulphuric  acid  and  thus  largely 
converted  into  products  not  volatile  with  water  vapor.  Inasmuch  as 
paraffin-like  hydrocarbons  as  well  as  cymene,  which  are  stable  toward 
sulphuric  acid,  result,   the  process  with  nitric  acid  is  to  be  preferred. 

Resin  oil.  A  second  adulterant  of  turpentine  oil  is  the  resin  oil,  a 
product  of  the  destructive  distillation  of  rosin.  The  adulteration  is  said 
to  be  practiced  within  moderate  limits,  since  the  addition  of  more  than 
~>  p.  c.  renders  the  turpentine  oil  sticky  and  imparts  to  it  an  unpleasant 
odor.  According  to  Baudin.8  the  adulteration  can  be  detected  by  the 
fatty  stain,  which  the  adulterated  oil  leaves  on  paper  upon  evaporation. 

Aignan4  believes  in  the  possibility  ot  detecting  resin  oil  both  quali- 
tatively and  quantitatively  in  French  turpentine  oil  by  means  of  the 
higher  rotatory  power  of  the  former.  '  The  formula  which  he  suggests 
for  the  calculation  of  the  amount  of  the  adulterant  leads  one  to  suppose 
that  he  assumed  that  reain  oil  as  well  oh  turpentine  oil  always  has 
the  same  rotatory  power.  That  this  is  not  true  at  least  for  turpentine 
oil  is  shown  by  the  variations  in  the  angle  of  rotation  recorded  by 
various  observers  and  enumerated  under  the  description  of  the  French 
oil.    This,  naturally,  disposes  of  Aignan's  formula. 

Aignan  distinguishes  between  three  kinds  of  resin  oil: 

1)  Huile  blanche  de  ehoix  rectiflfie  [«]dk=— "2°. 

2)  Huiie  blanche  fine  rectiSfie [a]D=— 32°. 

;l)  Huile  blanche  rectifle'fi [«]d=— 21°. 

It  is  assumed  that  only  No.  1  of  these  oils  is  used  for  the  purpose 
of  adulteration.  This  varies  somewhat  in  its  rotatory  power  from  that 
of  French  turpentine  oil.  but  could  easily  be  given  a  normal  rotation 
by  a  slight  admixture  of  No.  2. 

An  apparently  letter  method  for  the  detection  of  resin  oil  is  given 
later    in    a    contribution    by    the    same    author:*    The    oil    is    distilled 

i)  Cham.  f'entralbl..  1fl<><>.,,  p.  125. 

')  Jonrn,  Sop.  ('hem.  Industry.  Dec.  1882;  Pbarni.  Jouro.,  Ill,  is,  p.  684. 
■  I  {.'hem.  Centralbl.,  1801.  I,  p.  818. 
*>  Co  in  p.,  rend..  109,  p.  »44. 

>)  An  fi]i>.  Attrnan  apparently  do™  not  roimlder  the  npecIHe  rotatory  power,  hot 
a  h  become*  apparent  from  the  rotatory  power  of  turpentine  mentioned  later,  the  angle- 

•)  (tempt,  rend..  124,  p.  1867. 
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under  60  mm.  pressure  and  the  residue  remaining  above  100°  is  examined 
with  the  polarise  ope.  The  residue  from  pure  French  turpentine  oil  is 
laevogyrate ;  that  of  an  oil  adulterated  with  more  than  5  p.  e.  renin 
oil  is  dextrogyrate. 

Zune1  employes  the  refractometer  as  a  means  of  detecting  resin  oil. 
The  oil  is  submitted  to  fractional  distillation,  three-fourths  being 
distilled  over:  the  index  of  refraction  of  the  first  fourth  and  of  the 
residue  being  determined.  The  difference  in  the  two  indices  for  a  pure 
oil  amounts  to  from  0.0035  to  0.004;  in  the  presence  of  resin  oil,  it  is 
larger  and  amounts  to  0.006  for  1  p.  c.  of  adulterant. 

Production  and  Commerce.  With  reference  to  importance  and 
value  of  production  of  turpentine  oil,  the  United  States  of  North 
America  occupy  the  first  position  as  is  shown  by  the  total  arrivals  at 
the  principal  staple  ports : 

From  April  1.  1896,  to  March  31,  1897:  465,578  barrels; 

From  April  1,  1897,  to  March  81,  1898:  439,304  barrels. 
The  barrel  contains  50   gallons  or   about    150  k.      If   an  average 
production  of  450,000  barrels  per  year  is  assumed,  the  grand  total a  will 
be  67,500,(H>0  bbls.,  with  an  approximate  value  of  $7,500,000.00. 
The  consumption  of  turpentine  oil  in  the  United  States  amounted  to : 

From  April  1,  1896,  to  March  31,  1897:   111,560  barrels; 

From  April  1,  1897,  lo  March  31,  1898:   130,722  barrels. 

Total  export  from  the  United  States: 
1894:  12,618,407  gallons  -  abt.  252,000  barrets; 
1895:   14,652,788        "        =      "     293,000        " 
1896:   17,431,566        "         =      "     348,000 
1897:   16.820,000        "         =      "     336,000 

Thirty  years  ago.  North  and  South  Carolina  only  came  into  con- 
sideration in  the  production  and  export  of  turpentine  oil.  The  forests 
in  these  states  having  been  largely  exhausted,  the  industry  has  gone 
farther  south.  Thus,  e.  g.  Charleston,  S.  C,  formerly  the  important 
port  has  ceased  to  export  turpentine  oil.  The  business  has  been  trans- 
ferred to  the  ports  Savannah  anil  Brunswick,  both  in  Georgia. 
Savannah  is  the  most  important  port  in  the  world"s  market  for  tur- 
pentine oil.  It  has  exported  more  than  one-half  of  the  total  American 
output. 

From  New  York  turpentine  oil  is  exported  principally  in  cases  to 
non-European  countries. 

i)  Compt.  rend..  114.  p.  -190.  »)  For  150  years. 
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During  the  laat  three  years  the  turpentine  oil  industry  has  largely 
developed  in  Florida  and  Alabama.  It  is  feared  that  Pensacola  will 
become  a  strong  competitor  of  the  present  ports. 

The   most,    important    European    markets    for  American  turpentine 

London. 
Import  1896:  24,640  tons  =  abt.  165,000  bbls. 
1807:  25,140    "     =     "     168,000    " 

Hamburg. 

Import  1896:  7,974,700  kilo  =  abt.  58,200  bbls. 

"       1807:8.608,100    "    =     "    57,400    "■ 

Antwerp. 
Import  1896:  7,170,000  kilo  =  abt.  47,800  bbln.     ' 
1897:   6,144,500     "     =     "     40,968     " 

The  market  price  of  American  turpentine  oil  is  not  only  affected  by 
supply  and  demand,  but  is  frequently  influenced  by  speculations  and, 
therefore,  subject  to  considerable  variation.  In  January,  1897,  the 
price  per  100  k.  f.  o.  b.  Hamburg  was  M.  43.50.  It  rose  to  M.  47.00 
in  the  beginning  of  June,  and  dropped  again  to  M.  42.50  by  the  middle 
of  July.  It  again  rose  to  M.  54.00  by  the  beginning  of  October,  but 
dropped  to  M.  50.50  by  the  end  of  September.  Still  greater  were  the 
variations  in  price  in  1898.  Beginning  with  M.  52.00  in  January,  the 
price  gradually  rose  to  M.  72.00. 

Of  much  lesser  importance  is  the  production  of  turpentine  oil  in 
France.  Nevertheless,  it  is  sufficient  to  supply  the  demand  of  that 
country  for  the  importation  of  American  turpentine  oil  has  been  made 
prohibitive  by  a  duty  of  Fr.  24.00  per  1O0  k.  The  industry  is  confined 
to  the  Dep.  des  Landes.  The  principal  commercial  centers  are  Mont  de 
Moreau,  Bayonne  and  Bordeaux. 

Under  these  conditions  bnt  small  quantities  can  be  exported- 
Aecording  to  official  statistics,  the  export  of  turpentine  oil  from  France 
amounted  to: 

1896:    1,987,660  Kilo; 
1897:    1,411,500     " 

Of  these  amounts  Hamburg  received: 
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Qualitatively  ttie  French  oil  holds  the  first  position  among  all  com- 
mercial brands  and  in  the  arts  is  frequently  preferred  to  the  American. 
Its  market  value  is,  as  a  rule,  from  ♦2.00  to  $2.50  higher  per  100  kilo 
than  the  American. 

Among  the  commercial  varieties  of  turpentine  oil,  the  Russian ' 
comes  nest  in  importance. 

According  to  the  records  published  in  "Die  Productionskrafte 
Russlands".(1898),  a  work  issued  by  the  Imperial  Russian  Ministry  of 
Finance  the  value  of  the  oil  of  turpentine  annually  produced  in  Russia 
is  Rb.a  1,500,000.  The  greatest  part  of  this  is  used  by  the  country  itself. 
The  industry  has  its  seat  in  the  gouvernements  to  the  north  of  the 
Volga  and  in  Poland.  It  is  conducted  on  a  small  scale  and  is  in  the 
hands  of  the  peasants. 

The  export  amounted  to: 

1885:    100,000  Pud,*  value  Kb.  498,000. 

1890:    295,000      811,000. 

1892:    865,000      "         "       "     826,000. 

1898:    800,000      ;'         "       "    858,000. 

1894:    258,000      "         "       "     717,000. 

Corresponding  to  the  quality,  the  commercial  value  of  the  Russian 

turpentine  oil  is  much  lesB  than  that  of  the  American  and  French.     It 

is  indeed  the  poorest  of  all  the  commercial  varieties. 

The  Russian  import  duty  on  turpentine  oil  of  60  kopekena  gold  per 
pud,  or  of  nearly  $3.00  per  100  k.  has  the  object  or  a  duty  for 
revenue  only. 

In  the  Antwerp  lists  of  imports  there  appears  regularly  for  several 
years  a  Spanish  turpentine  oil.    The  importation  amounted  to : 
1896:    2,644  Colli: 
1897:    7,520     " 

4.    American  Oil  (Spirit)  of  Turpentine. 

Oleum  Terebinthinte  Amerleamini.— AmerUunlsehm  Terpentine  1. — Essence  de 
T£r6benthliie  Ameriwdne. 

History  and  Origin.  The  enormous  areas  which  were  at  one  time 
and  in  part  are  to-day  densely  covered  with  pine  forests  acquire  their 
maximum  luxury  and   broadest  expanse  in  the  South  Atlantic  States, 

i)  The  figures  enumerated.  In  all  probability,  refer  primarily  to  the  pine  tar  oil 
obtained  by  destructive  distillation.  Whether  turpentine  oil  proper,  obtained  from 
turpentine.  Is  at  all  made  on  a  commercial  scale  In  Russia  Is  not  known. 

»)  Rubel  =  100  Kopekeu  -  abt.  HOe  ■  Pud  =  18.83  k. 
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from  Virginia  to  tlie  Gulf  States,  in  the  eastern  part  of  Canada,  iti 
British  North  America  and  on  the  western  slopes  of  the  Pacific  States. 

The  first  mentioned  area,  which  is  also  the  largest,  comprises  thp 
states  North  and  South  Carolina.  Georgia,  and  Alabama  and  within  it 
there  has  developed  the  principal  turpentine  industry.  Up  to  the  middle 
of  the  last  century  the  products  of  this  industry  were  tar  and  pitch 
which  were  used  principally  in  ship  building  and  as  naval  supplies  and 
hence  were  termed  "naval  stores.  "x  The  preparation  of  turpentine  oil 
seems  to  have  begun  as  late  as  the  middle  of  the  eighteenth  century  in 
North  Carolina  and  Virginia.  Professor  Kalm,  the  Swedish  traveler, 
who  is  known  as  a  careful  observer,  and  who  explored  the  Atlantic 
provinces  of  the  then  British  colonies  from  Quebec  to  Virginia  during  the 
years  1749  and  1750,  reports  concerning  the  preparation  of  tar  and 
pitch  only.2  Later  travelers  and  reports  first  make  mention  of  the 
preparation  of  turpentine,  turpentine  oil  and  colophony  in  Carolina. 
Among  these  are  Dr.  Johann  David  Schoepf,  who  traversed  the  Atlantic 
States  from  Canada  to  Florida8  in  1783  and  1784;  also  Francois 
Andre1  Michaux,  who  about  twenty  years  after  the  longer  stay  of  his 
father,  the  well  known  botanist  Andr£  Michaux,  traveled  in  North 
America  at  the  beginning  of  this  century.4 

I'p  to  the  year  1820  the  consumption  of  turpentine,  turpentine  oil 
and  colophony  was  restricted  to  the  limited  demands  of  the  home 
industries.  The  exportation  of  oil  and  rosin  to  England  was  un- 
important. Dp  to  18H0  the  manufacture  of  turpentine  was  restricted 
to  the  coust :  between  the  Tar  river  in  the  north,  and  Cape  Fair  river 
in  the  south ;  while  the  ports  New  Bern,  Wilmington  and  Washington 
in  North  Carolina  served  as  collective  points.  The  distillation  of  tur- 
pentine was  conducted  in  rant  iron  stills. 

At  the  beginning  of  the  thirties  the  application  of  turpentine  in  the 
industries  experienced  considerable  extension.  This  was  caused  primarily 
by  the  increased  use  of  paints  accompanying  the  increase  in  wealth ;  by 
the  development  of  the  varnish,  lacquer  and  caoutchouc  industries ;   and. 

<)  The  oldest  mention  concerning  tar  and  pitch,  nml  Ihe  preparation  of  turpentine 
In  Virginia,  Is  to  he  found  la  vol.  1  ol  the  "Calendar  o(  Stat*  Paper*.  Colonial  Series" 
for  the  year  IB7*  to  1116(1  In  the  Public  Record  Office  In  London.  Of  the  year  1610 
Huh  volume  contain*  "Instructions  for  nuc.he  Ihlngev  as  are  to  be  nenle  from  Virginia.'' 
»lm>  a  printed  pamphlet:  "The  Booke  ol  the  Commodities  of  Virginia."  Both  mention 
pitch,  tar,  rosin  and  turpentine  among  the  products  of  Virginia.  The  former  also 
-contains  brief  directions  for  the  method  of  preparation  of  turpentine  which  la  still  In 
rogue.    (Dan.  Honbury,  in  Proc.  A.  Ph.  A.,  19,  p.  491.1 

1)  Kalm,  Heine,  etc.,  vol.  2,  pp.  418.  4T4:   vol,  8,  pp.  .1(15,  62S. 

•  )  Xchnpt.  Heine,  etc..  vol.  2,  pp.  141,  247. 

*)  Michaux,  Hlstolre  i!e»  arbres,  torn.  1.  p.  TH 
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finally,  by  the  n«>  of  k  mixture  of  turpentine  oil  and  alcohol  as  an 
illuminating  agent,  which  was  introduced  wince  1839  as  camphine  and 
under  other  fanciful  names.  Up  to  the  introduction  of  petroleum 
products  (kerosene)  about  18(H).  this  was  the  cheapest  illuminating 
material.  The  improvements,  made  in  the  course  of  the  thirties,  by 
Comstock,  Hancock,  Macintosh,  Chaffee  and  especially  by  Luedersdorff 
in  the  processes  employed  in  the  caoutchouc  industry  did  much  to 
bring  about  a  larger  consumption  of  turpentine  oil. 

This  increase  in  the  consumption  brought  about  an  increase  in  the 
turpentine  industry  in  1834,  and  caused  the  introduction  of  better 
distilling  apparatus  which  insured  a  larger  yield  (Ashe1).  The  expor- 
tation of  American  turpentine  oil  and  colophony  to  England  and 
other  countries  assumed  large  proportions  only  after  the  removal  of 
the  import  duty  in  England  in  1846.  It  was  interrupted,  however, 
during  the  years  1861  to  1865  of  the  civil  war,  the  period  of  industrial 
and  commercial  stagnation. 

Cp  to  the  year  1837.  the  opinion  prevailed  in  Carolina  that  the  pine 
forests  to  the  south  were  not  adapted  to  the  production  of  turpentine 
on  account  of  differences  in  climate  and  soil.  In  the  year  mentioned, 
experiments  conducted  on  a  large  scale  showed  this  opinion  to  l» 
erroneous.  As  a  i-esult  of  the  great  demand  and  of  increasing  speculation, 
the  industry  spread  rapidly  to  South  Carolina  and  Georgia,  and  later 
to  Alabama  and  Mississippi  (Mohra).  With  the  introduction  of  the  more 
readily  transportable  copper  stills,  the  distillation  was  more  and  more 
conducted  at  the  place  of  production,  so  that  the  turpentine  farms 
began  to  supply  the  finished  though  crude  products  of  distillation,  oil 
and  rosin,  in  place  of  turpentine,  to  the  ports  along  the  coast.  One 
other  circumstance  contributed  to  the  transfer  of  the  distillation  ,to  the 
immediate  source  of  production  of  the  crude  material.  This  was  the 
fact  that  the  increased  demand  for  turpentine  caused  a  corresponding 
overproduction  of  rosin.  This  could  not  be  disposed  of  and  consequently 
suffered  a  corresponding  depreciation  in  value. 

This  disparity  was  equalised  toward  the  end  of  the  sixties.  The 
opening  up  of  new  territories  of  production  brought  about  an  over- 
production in  turpentine  oil  as  well,  which  was  felt  all  the  more 
because  petroleum  products  took  its  place  as  an  illuminating  agent  and 
also  superseded  it  in  various  branches  of  the  arts  and  industries.  On 
the   other   hand,   colophony  found   new   and    large  application.     The 

rai.  Rundacbau,  3.  p.  1ST. 
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turpentine  industry  in  the  Southern  states  thus  developed  unimpeded. 
With  the  establishment  of  cheap  means  of  transportation  by  rail  and 
by  water,  all  the  conditions  were  given  for  a  prosperous  growth  to  the 
enormous  dimensions   on   which   this   industry   is  being  conducted  at 


At  best,  the  larger  pine  trunks  can  be  made  to  yield  turpentine  for 
from  15  to  20  years  before  they  are  exhausted.  Of  late  years,  the 
exhausted  trees  are  no  longer  abandoned  to  wind  and  fire,  but  are 
taken  to  the  mills  to  be  sawed  into  logs  and  hoards;  to  paper  pulp 
factories;  or  are  converted  into  charcoal. 

It  is  true  that  waste,  the  clearing  of  forests  and  temporary  destruction 
by  Are  has  driven  the  turpentine  industry  away  from  the  coast  into  the 
interior.  A  diminution  or  exhaustion  of  the  American  turpentine 
industry,  however,  need  scarcely  be  feared.  Not  only  does  there  still 
exist  an  enormous  wealth  of  pine  forests,  but  the  removed  trunks  are 
replaced  by  new  shoots  from  the  roots  and  also  by  more  rational 
methods  of  cultivation.  Former  methods  of  waste  have  not  been  with- 
out their  lessons.  Manufacturers  as  well  as  the  general  population  have 
become  alive  to  the  necessity  of  displacing  former  irrational  methods  and 
waste  by  more  rational  ones  which  insure  a  continuation  of  the  industry. 

The  pines  which  principally  constitute  the  largest  forests  of  the 
Southern  states  and  whieh  are  used  in  the  manufacture  of  turpentine 
are  four  in  number:  Pinus  palastria  Miller  (/'.  tmetmlhi  Mic.haux). 
long-leaved  or  Southern  pitch  pine,  which  is  the  most  important  in  this 
industry;  P.  tneda  L.,  Loblolly  or  Rosemary  pine;  P.  heterofihyila 
Elliot  (P.  cubensis  Griesebach),  Cuban  pine.  Swamp  pine,  Slash  pine: 
and  P.  ecbiimta  Miller  {P.  mitis  Micheaux),  short-leaved  yellow  pine. 

Preparation.  The  method  of  production  is  in  general  the  same  every- 
where. On  account  of  the  extent  and  density  of  the  pine  forests,  the 
size  and  diameter  of  the  trees,  the  larger  yield  due  to  a  favorable 
climate,  the  lack  of  forest  cultivation  and  the  absence  of  control,  the 
methods  employed  were  those  that  insured  the  largest,  yield  and  quickest 
returns  and  had  but  little  heed  of  the  permanence  of  the  forests. 

The  operation,  mostly  by  negroes,  of  the  turpentine  farms,  begins 
in  the  first  dry  days  of  spring,  as  a  rule  in  April.  The  trees  are  "boxed" 
about  1  to  1%  foot  above  the  ground  (diagonally  across  the  trunk  of 
the  tree).  The  length  of  such  a  box  is  about  14  inches,  its  greatest 
depth  6  to  7  inches,  so  that  it  has  the  capacity  of  more  than  a  quart. 
If  the  trunk  is  very  thick,  a  similar  "box"  is  sometimes  cut  on  the  other 
side  of  the  tree. 
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As  soon  as  the  sap  begins  to  flow  in  spring,  a  strip  of  bark  2  inches 
wide  and  rt  inches  long  is  removed  from  the  trunk  at  either  end  of  the 
box  ("cornering").  Then  the  surface  above  the  box  between  the  two 
bare  strips  is  deprived  of  its  bark  ,down  to  the  splint  ('"harking,''  ■chip- 
ping"). The  exudation  of  the  sap  soon  begins  and  varies  with  the 
temperature  and  the  formation  and  secretion  of  the  sap  (•bleeding"), 
tlie  exposed  surfaces  above  the  hoxes  are  increased  every  one  or  two 


weeks.  In  this  manner  tlie  chipped  surface  above  the  box  is  lengthened 
or  widened  or  both  (fig.  ."M)  us  long  as  warm  weather  lasts,  mostly  to 
the  end  of  October. 

In  the  beginning  and  during  very  warm  weather,  the  boxes  are  filled 
every  2  to  4  weeks'  and  are  emptied  by  means  of  a  flat  ladle  into 
wooden  pails  (fig.  ">fl)  and  from  these  into  barrels.  With  the  advent  of 
the  cooler  season  the  exudation  ceases.  The  exposed  surfaces  and  boxes 
are  then  freed  from  adhering  and  dried  oleoresin  ("scrape")  and  allowed 
to  heal  or  they  are  again  cut  during  the  next  spring.     If  allowed  to  heal, 
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the  operation  of  bleeding  in  performed  on  (mother  part  of  the  trunk 
during  the  following  or  the  third  spring. 

The  turpentine  farniM  are  usually  laid  out  «o  as  to  supply  one  topper 
still  with  a  capacity  of  84)0  gallons  or  20  bbls.  of  turpentine.  For  the 
operation  of  this.  41)011  acres  of  forest  with  good  growth  are  necessary. 
This  is  divided  into  20  lota,  of  which  each  contains  about  10,004 1 
boxes  yielding  oleoresin.    Inasmuch  as  many  trunks  according  to  their 


Tree  to  the  rl<tbt  ihowM  wurlfled  aurlncp. 

diameter  contain  two.  three,  sometimes  even  four  boxes,  the  above 
number  is  distributed  over  about  4 — ."(MM  trees  usually  occupying  an 
area  of  two  acres. 

With  a  rational  .treatment  the  yield  from  10,00(1  boxes  for  each 
collection  amounts  to  about  40  to  541  bbls.  of  turpentine  of  280  lbs.  each. 

During  the  first  years,  and  before  the  capacity  of  the  trees  has  been 
reduced  by  excessive  bleeding,  the  average  yield  of  a  turpentine  farm  is 
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about  27(1  bbls.  of  380  lbs.  each  of  dip  turpentine  and  about  70  bbls. 
of  scrapings  at  the  end  of  the  Reason.  Each  barrel  of  dip  turpentine 
yields  about  7  gal.  of  oil  upon  distillation,  the  scrapings  about  3  gala. 
The  total  yield  of  a  farm,  therefore,  amount*  to  about  2,200  gain.,  or 
50  bbls.  @  45  gals,  of  oil,  and  about  260  bbls,  of  rosin. 

During  the  first  two  or  three  mouths  the  collected  turpentine  is 
almost  white  and  constitutes  the  best  quality,  "virgin  dip."  This  brand 
is  brought  into  the  market  as  "water  white"  and  "window  glass." 
Inferior,  more  or  less  yellow  brands  are  marked  X.  or  M.  K.  Minor 
shades  are  indicated  by  the  various  letters  of  the  alphabet,  so  that  A 
indicates  the  poorest,  and  N  the  best  grades  of  the  varieties  next  to 
the  W.  G. 

During  the  second  year  of  the  operations,  the  yield  of  the  dip  is 
about  10  bbls.  less  than  during  the  first,  whereas  the  scrapings  increase 
to  about  120  bbls.  The  quantity  of  turpentine  oil  during  the  second 
.year  amounts  to  about  40  bbls.  of  45  gals,  each,  and  about  200  bblB. 
rosin.  The  quality  of  the  oil  is  the  same  as  that  of  the  first :  the  rosin, 
however  is  mostly  darker.  During  the  third  year  the  yield  of  turpentine 
diminishes. 

The  continued  use  of  the  same  cups  and  exposures,  and  the  annual 
increase  of  the  latter  bring  about  a  deterioration  of  the  oleoresin.  due 
to  evaporation  and  action  of  the  air:  a  smaller  yield  of  oil  is  obtained 
and  the  quality  of  the  rosin  is  poorer.  It  is  more  advantageous,  there- 
fore, to  allow  the  trees  to  rest  for  several  years  and  then  to  tap  them 
at  a  different  place. 

As  has  already  been  stated,  the  distillation  of  the  turpentine  has 
Iwen  conducted  for  years  in  copper  stills  on  the  larger  turpentine  farms. 
In  the  course  of  the  distillation,  and  after  the  still  lias  been  heated, 
a  thin  but  continous  stream  of  water  from  the  higher  placed  condenser 
is  allowed  to  flow  into  the  body  of  the  still  until  the  distillation  is 
ended.  The  liquid  rosin  is  allowed  to  flow  off  through  an  exit  tube 
at  the  bottom  of  the  still.  It  is  strained  through  wire  sieves  and  filled 
into  barrels  for  shipment. 

The  total  average  output  of  a  farm  of  the  described  size,  which  is 
operated  mostly  for  four  years  only,  is  about  120,000  gals,  of  turpentine 
oil.  52,000  bbls.  of  rosin  of  first  quality,  4,000  bbls.  of  rosin  of  second 
grade,  and  2,400  bbls.  of  poor  quality  (Mohr1). 

i)   rhorm.  Kunilochnu,  2.  pp.  l<i!i,  1ST:   12.  p.  'ill. 
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With  the  wasteful  methods  still  largely  in  vogue,  and  in  order  to 
obtain  the  largest  possible  immediate  returns  from  such  a  venture,  the 
timber,  after  four  yean*'  production  of  oleoresin,  is  cut  either  entirely 
or  in  part,  provided  a  saw  mill  is  located  in  the  neighborhood  or  the 
wood  can  be  disposed  of  to  advantage  in  some  other  way.  Each  ik-re 
yields  about  25,0(1(1— 80,000  ft.  of  lumber  or  r,0— <!0  cords  of  fuel  wood. 

According  to  the  Forestry  Division  of  the  II.  S.  Department  of 
Agriculture,  the  area  involved  in  the  turpentine  industries  of  the  Southern 
(dates  during  1800  amounted  to  2,800,000  acres  of  pine  forests. 

Of  late  years,  the  distillation  of  the  enormous  wastes  of  the  saw 
mills  has  increased  largely.  For  this  purpose  the  saw  dust  and  other 
waste,  especially  of  the  older,  dying  trees  are  used.  While  gradually 
drying,  the  lower  portion  of  these  trees  accumulate  a  larger  amount 
of  oleoresin.  This  wood,  permeated  by  dried  oleoresin,  is  known  as 
'light  wood"  and  is  used  for  underground  constructions,  such  as  rail- 
road ties  and  as  fuel  for  boilers  and  locomotives.  Upon  distillation,  it 
yields  about  2  to  2%  p.  c.  of  pine  tar  oil,  also  tar,  pyroligneous  acid,  pitch 
and  charcoal.  The  yield  from  (500  lbs.  of  fairly  dried  wood  rich  in  resin 
from  Pinus  aastmlut  is  about  21  to  22  lbs.  of  tar  oil.  1)5  lbs.  of  pyrolig- 
neous acid,  150  lbs.  of  tar.  and  127  lbs.  of  charcoal  (Mohr1). 

Properties.  The  specific  gravity  of  crude  American  turpentine  oil 
lies  as  a  rule  Iwtween  0.86~>  and  0.870.  However,  lighter  {up.  gr.  0.858) 
as  well  as  heavier  (up  to  0.877,  Kreniers2)  oils  occur.  Freshly  distilled 
or  rectified  oil  is  mostly  lighter  than  the  crude  or  old  oil. 

When  fractionally  distilled,  about  85  p.  c.  distill  over  between  155 
and  163°.  Inasmuch  as  the  American  species  of  pine  yield  dextro- 
gyrate8 as  well  as  laevogyrutc*  oils,  the  rotatory  power  of  the  com- 
mercial oils  necessarily  varies.  According  to  the  prevalence  of  the  one 
or  other  species  at  the  locality  of  production  it  may  be  more  or  less 
strongly  dextrogyrate,  or  even  laevogyrate.    Armstrong8  observed  in 

I)  Pharm.  Rnndsehau,  2,  p.  l'jy. 
at  Pbarm.   Review,  in,  |>.  8. 

•)  [«]»  ot  the  oleoresin  Irom  P.  palattrln  =-  —  13.685°, 

[«]»  of  the  oil  from  P.  p&lagtrls  -    +  28.flS°, 

[«]»  of  the  oleorenln  of  P.  cabeaals         -=  —  82.42&°, 
[«]d  of  the  nil  Trom  J*,  rulitmsla  -   +  ».6°. 

E.  Kit  mini,  Pharm,  Rundechau,  IS,  pp.  185.  186. 

•I  According  to  Long-  (Journ.  Anier.  Cheni.  Hoc,  IB,  p.  844.'  Abetr.  Cheni.  Centralbl.. 
1N0G,  I,  p.  1381  the  oil  of  Plnus  glabra  Ih  itrongty  laevofcyraw,  «»  =  —  81.5=  U>  — 8S°. 
According  to  the  name  author  (Chem.  Centralbl..  1898,  I,  p.  8851  the  oil  ot  Finns 
paJustrts  l»  also  lHev narrate.      Thla    la    contradictory    to    the    observation*    made   by 

i)  Pharm.  Journ..  111.  18,  p.  584. 
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1883  that  the  rotatory  power  of  28  Maniples  from  Wilmington  varied 
from  +  18°  88'  to  4-  14°  17';  that  of  samples  from  Savannah  from 
+  9°  30'  to  +  12°  4'.  Two  samples  from  Savannah  recently  examined 
were  slightly  laevogyrate :   ou  =  - 0°4O'  to  —  2° 5'. 

6.    French  Oil  of  Turpentine. 

OIpuiii  TerebtnMiinae  Qallicum.  —  FraiiziiKlsches  Terpentine.  —  Essence  de 

Terfben  thine  Francjdie. 

Origin  and  Preparation.  The  larger  part  of  the  turpentine  oil  pre- 
pared in  Europe  is  obtained  from  the  turpentine  from  the  Pin  maritime, 
Pinus  pinaster  Solander  (Pinus  maritimu  Poiret)  and  is  obtained  by 
steam  distillation.  This  tree,  which  attains  a  height  of  40  m.,  thrives  best 
along  the  western  half  of  the  southern  shore  of  the  Mediterranean  as  far 
as  the  Bay  of  Biscay-  The  production  takes  place  principally  in  the 
western  French  dune  districts  (Landes)  of  the  Departments  de  la 
Gironde  and  deB  Landes.  The  principal  commercial  centers  are  Bordeaux 
and  Bayonne. 

In  order  to  obtain  the  turpentine,  one  or  two  narrow  notches  (earre} 
down  to  tlie  splint  are  cut  near  the  base  of  the  trunk  in  spring  when 
the  nap  begins  to  rise.  These  wounds  are  made  30  to  40  cm.  long  and 
10  cm.  wide.  Below  the  notch  a  tin  or  earthenware  vessel  is  fastened 
so  that  the  oleoresin  as  it  exudes  flows  into  it.  According  to  temperature 
and  duration  of  the  flow,  the  incisions  are  extended  upward  from  time 
to  time  (pinage),  so  that,  jn  the  course  of  4  to  5  years  they  constitute 
parallel  stripes,  4  m.  in  length,  along  the  trunks  of  the  trees.  Only 
after  the  abandoned  incision  (earn?)  has  healed,  is  another  made  on 
the  opposite  side  in  the  following  spring.  The  vessels  in  which  the 
turpentine  collects  are  emptied  whenever  necessary.  The  soft  turpentine 
(gemme)  is  mostly  distilled  in  the  neighborhood  of  the  place  of  col- 
lection. That  which  has  dried  along  the  carres  is  removed  in  fall  and 
brought  as  galipot  Ibarras)  into  the  market. 

As  a  rule  the  trees  are  tapped  (gemmage)  only  after  they  have 
reached  an  age  of  20  to  30  years.  Under  rational  treatment,  a  normal 
tree  can  then  be, used  for  the  production  of  turpentine  for  almost  KM) 
years.  Trees  that  show  signs  of  exhaustion,  after  a  final  tapping  made 
in  such  a  manner  as  to  produce  the  largest  yield  possible  (gemmage  a 
morte)  are  cut  down  at  the  end  of  the  season  for  the  wood.  The  treet* 
are  reproduced  by  shoots  from  the  rootw. 

100  Trunks  of  the  Pin  maritime  in  western  France,  on  an  average, 
yield  360  k.  of  turpentine,  which  upon  distillation  yields  13  to  18  p.  c. 
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of  turpentine  oil.1  When  the  turpentine  in  to  be  distilled,  it  is  first 
sufficiently  heated  in  casks  so  that  it  can  be  strained  through  a  wire 
sieve,  which  removes  fragments  of  bark  and  leaves,  into  the  copper  stills 
or  about  300  liters  capacity.  The  distillation  is-  conducted  over 
direct  fire  while  a  current  of  steam  is  passed  into  the  still.  The  residual 
resin  (bmi)  is  transferred  to  barrels  and  brought  as  yellow  colophonium 
into  the  market. 

Properties.  The  specific  gravity  of  French  turpentine  oila  varies 
from  0.850  to  0.H72,  as  a  rule  from  0.865  to  0.876.  Formerly  higher 
values  were  occasionally  given.  The  optical  rotation  was  first  ascer- 
tained by  Biot  in  1818.  Later  the  following  angles  were  observed  by 
different  investigators:  «d= — 20°  to  — +0°;8  —  <t;t°  to  38°  (Pereira.* 
1845);  —30°  to  —  tUVSHY  {Armstrong,  =  1883);  and  [*)d=— 89°5(r* 
(Lafont,8  1888).  In  its  other  properties  as  well  as  in  its  composition, 
the  French  turpentine  oil  agrees  with  the  American  oil. 

6.     Austrian  Turpentine  Oil. 

Oewterreichisctiex  (NeuaUdter)  Terpen  tiniJI. 
Origin  and  Preparation.  The  turpentine  industry  in  Austria  is 
confined  principally  to  the  "Wiener  Wald."  In  the  vicinity  of  Moedling> 
Voeslau  and  Neukirchen.  Pinus  laricio  Poiret  serves  for  the  production 
of  turpentine.  The  method  pursued  is  the  same  as  that  in  America, 
but  trees  at  least  50  years  old  only  are  tapped.  Near  the  base,  a 
cavity  is  cut  into  the  trunk,  into  which  the  exuding  oleoresin  flows. 
Above  this  cavity  {Grandel)  the  bark  and  splint  are  gradually  removed 
by  means  of  a  bent  hammer  up  to  a  height  of  about  15  inches.  From 
time  to  time,  when  necessary,  the  turpentine  is  removed.  During  tlie 
following  spring  15  indies  more  of  bark  are  removed  above  the  old 
wound.  In  order  that  the  oleoresin  may  not  flow  too  slowly  and  get  dry, 
n  gutter  is  made  from  the  newly  exposed  surface  to  the  cavity  below. 

>)  Ci> nip.    under  Bibliography :    I'etiholdt.  p.    S8 ;    Curia:    Mathleu,    pp.   SAT— 540; 

>)  The  Spanish  turpentine  nil  mentioned  on  p.  28!»  can  nut  lie  dltttngiilnhrrl  from 
the  French.  A,  naniple  of  thfi  oil  examined  In  the  laboratory  ol  Schlmmel  &  tjo. 
ptwMMHHl  the  fulloivlnjc  propertle*:  up.  gr.  0.H47H;  [«]D  ■=  —  28°4';  noluble  in  7  part* 
of  UO  p.  c.  alcohol.  Upon  distillation  the  follow-In*  fractions  were  obtained:  1G7— loW. 
30  p.  e.:  15»— 1«I",  as  p.  c;    lai—  ioa°.  10  p.  e.:    I8fl— 1T0",  9  p.  v.;    1TO—  lltu".  op.  ».; 
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The  present  annual  production  of  turpentine  oil  in  the  "Wiener 
Wald"  is  said  to  be  about  4,)H>0ewt.1  The  principal  commercial  center 
of  this  industry  is  Vienna  (Neustadt). 

Properties.  In  the  laboratory  of  Schimmel  &  Co.  a  single  sample 
of  oil  of  unquestionable  source  was  examined.  Sp.  gr.  0.866;  angle  of 
rotation  +  3046';  it  was  soluble  in  (i — 8  parts  of  90  p.  <*.  alcohol. 
Upon  distillation  the  following  fractions  were  obtained : 

From  159— 156°,  21  \:c.  ao  =  +  «°1«' 
■'       159-lflO0.  56     "      "  =  +  4°2.V 
"      160-167°,  18     "     "  =  +  0°18' 
Rueidne,  5      "      "' 

Ledermann  and  Godeffroy*  observed  laevo- rotation  in  two  Austrian 
turpentine  oils.  Taking  into  consideration  the  above,  it  would  seem 
doubtful  as  to  whether  they  had  Austrian  oil  or  not. 

7.    Galiclan  Turpentine  Oil. 

Of  this  oil.  of  which  the  botanical  source  is  unknown,  but  one 
sample  appears  to  have  been  examined.  It  had  a  sp.  gr.  of  O.H(>3:  «d= 
-f- 17°  18';  and  was  soluble  in  4.~>  parts  of  90  p.  c.  alcohol. 

Upon  distillation  in  a  Ladenburg  flask  the  following  fractions  were 
obtained : 

U|>  to  162°,     7  p.  c,  «d  =  +17°ir>' 
from  102—165".  IS      "        "   -  +  19°4' 
"     165— 189°,  S8     "       "  =  +18°7' 
■'      169— 173°,  13      "        ••-+17°28' 
^  '■     173— 177°,  10     •'       "  =  +15°87' 

■'     177-210°,  12.5  "       "  =  +12°2' 
Residue,         1.5  " 
Judging  from  the  relatively  large  amount  of  high  boiling  fractions, 
the  conclusion  seems  justified  that  this  oil  must  have  a  different  com- 
position from  thone  previously  enumerated, 

8.    Turpentine  Oil  from  Venetian  (Larch)  Turpentine. 

History.  Larch  turpentine  was  known  to  the  Homans.  It  in  men- 
tioned in  the  writings  of  Vitruvius,8  a  contemporary  of  Caesar,  also  in 
those  of  Dioscorides,  Pliny,*  and  Galen.  During  the  middle  ages,  larch 
turpentine  was  one   of   the   most   highly   prized   balsams.     The   name 

1)  According  to  a  communication  by  A.  Kreniel  of  Vienna. 

i)  J&brMber.  d.  Phurm..  1S7T,  p.  HU4. 

»)   VitnivluH.  Or  nrrhl  tec  turn.  Vol.  12,  p.  I):  l>l.>ncorlrtcM,  I)e  mat.  m«l.,  vol.  1.  n.  95. 

*>  PlIntUB.  Hletoria*  de  jilantls.  p.  .17.1. 
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Venetian  turpentine  was  applied  to  it  during  the  fifteenth  century,1 
because  it  was  brought  from  Venice,  at  that  time  the  center  of  the  drug 
commerce,  into  the  market. 

The  first  mention  of  larch  oil  (Ohum  luricis)  in  medical  treat  west  if* 
found  in  the  work*  of  Matthiolusa  and  Conrad  Gesner.8 

Origin  and  Preparation.  Venetian  turpentine  is  principally  collected 
in  southern  Tyrol  in  the  neighborhood  of  Meran,  Mais,  Bozen  and  Trient- 
also  in  Steiennark  from  L&ris  deridaa  Miller  (L,  eurapneu,  D.  C,  Pious 
larix,  L.),  a  larch  that  nourishes  in  the  central  European  mountainous 
districts.  According  to  experience,  and  as  has  been  demonstrated 
botanically  by  H.  von  Mohl*  in  18">ft,  the  heart  wood  only  contains 
numerous  rerun  ducts,  although  they  occur  in  limited  numbers  in  all 
part*  of  the  outer  wood  and  bark.  The  production  of  larch  turpentine, 
therefore,  is  different  from  that  described  heretofore.  By  means  of  a 
wide  auger,  one  or  several  holes  are  bored  in  spring  to  the  center  of 
the  tree.  These  are  closed  with  a  wooden  stopper  and  opened  in  fall  in 
order  to  remove  the  oleoresiu  which  has  collected,  with  an  iron  spoon. 
The  hole  is  again  closed  for  the  further  accumulation  of  oleoresiu  during 
the  next  summer. 

If  only  one  or  two  holes  are  drilled  into  the  tree,  the  yield  amounts 
to  only  several  hundred  grams,  but  remains  the  same  for  many  years. 
If  a  larger  number  of  holes  are  drilled  into  the  tree,  and  the  balsam  is 
allowed  to  flow  out,  several  pounds  of  balsam  can  be  obtained  in  a 
single  summer.  In  this  case,  however,  the  tree  is  exhausted  after 
a  number  of  years  and  the  wood  suffers  considerable  reduction  in  value. 

A  more  scientific  management  of  the  forests,  for  the  production  of 
turpentine  is.  therefore,  more  remunerative  (Wesseley,5  18T>3). 

In  the  French  Dauphine  and  about  Briancoti  the  oleoresin  is  reported 
to  be  obtained  in  a  similar  manner.  The  holes,  however,  are  drilled  in 
a  straight  up  and  down  line  and  each  hole  is  provided  with  a  short  tin 
or  wooden  tube.  After  the  exudation  ceases,  the  openings  are  closed 
and  again  opened  after  2  to  3  weeks.  After  the  first  reopening  the  flow 
is  said  to  be  greater  than  when  the  holes  are  first  drilled.  The  tapping 
goes  on  from  March  to  September.  Large  trees  yield  about  8 — 4  k.  of 
turpentine  in  a  year.     After  41) — 50  years  the  trees  are  exhausted. B 


)  FlfflcklKflr.  rhnrnmcofTDOBiL-,  p.  80. 

I  Mntthloll.  Opera.  I,  p.  108. 

)  Phillatri,  Eln  kOeUlcbar  Schati,  p.  28». 

)   Hot.  Zeltune.  IT,  pp.  829  and  877. 

i  Die  DuterrvlrhlKcrieD  A I  pen  land  sr  uml  Ihre  Korate.  p.  89ii. 

)  O.  Planch i hi  *t  B.  Collin,  Leu  nro«ue*  nl  tuple*  d'ort«in«  vfjrftato,  Tom  1. 
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Inasmuch  an  there  is  no  real  demand  for  Venetian  turpentine  oil, 
the  distillation  is  not  conducted  on  a  large  scale.  The  yield  is  about 
13.5  to  15  p.  c. 

Properties  and  Composition.— The  oil  distilled  from  Venetian  tur- 
pentine has  a  sp.  gT.  of  0.878  and  a  rotatory  power  ao=  —  ll0.1  The 
turpentine  itself,  according  to  Fluckiger.  is  dextrogyrate  «d  =  +  9.5°.f 
Upon  fractional  distillation  the  oil  comes  over  between  155—100°,  the 
larger  portion  at  157°.  If  the  lowest  fraction  is  saturated  with  hydrogen 
chloride,  crystallized  chlorhydrate,  GioHia.HCI  results,  thus  showing  the 
presence  of  pinene. 

9.    Turpentine  Oil  from  Canada  Balsam. 

History.  Canada  balsam,  which  was  probably  long  known  to  the 
American  Indians  and  employed  by  them,  in  first,  mentioned  in  European 
reports  of  travel  by  Marc  Lescarbot8  who  traveled  in  Canada  during 
the  years  1606  and  1607.  He  declares  the  balsam  equal  in  value  to 
the  Venetian.  In  the  European  market,  however,  it  is  not  found  before 
the  eighteenth  century  (Fluckiger4). 

Orioin  and  Preparation.  Canada  balsam,  also  known  as  balsam  of 
fir,  balsam  of  Gilead,  is  used  externally  as  well  as  in  the  preparation 
of  elastic  collodium,  for  the  mounting  of  microscopic  preparations,  etc. 
Its  source  is  the  balsam  fir.  .4 hies  ba.iaa.mea  Miller  (Pinua  balsa-men  L.], 
which  grows  in  British  America,  the  northern  and  northwestern  United 
States.  It  is  collected  principally  in  the  Laurentine  hills  in  the  province 
of  Quebec.  Somewhat  farther  south,  in  the  northern  Alleghaniee,  the 
double  balsam  fir,  Abies  fraseri  Pnrch,  and  the  hemlock  spruce,  Abies 
canadensis  Michaux,  Tsuga  canadensis  Carr.  are  also  utilized.8 

These  conifers  secrete  the  oleoresin  in  resin  ducts  between  the 
bark  and  the  splint.  The  tedious  collection  is  done  mostly  by  descendants 
of  the  Indians,  who  camp  in  the  forests  during  the  summer.  For  the 
tapping  of  the  pustules  and  the  collection  of  the  balsam  they  use  small 
iron  cans  with  a  pointed  lip.  With  this  they  puncture  the  bark  covering 
the  pustules  readily  recognizable  on  the  trunk  and  the  larger  branches. 

i)  Bericht  von  S.  ft  Co..  Aj.HI  18117,  table  on  p.  46. 

i)  Nanus  Jahrb.  f.  Pharm.,  Bl  <1S6»),  p.  78;  and  Jahresber.  d.  Pharm..  I860,  p.  87: 
Perrlra  (18451  states  that  the  turpentine  itoelf  la  laevogyrate  (Pharm.  .lourn.,  I,  li, 
p.  71). 

*)  HIM.  de  la  Nouvelle-France,  pp.  SOB,  811,  820. 

*l  Document*  tur  Gesch.  d.  Pharm..  p.  93.  , 

*)  Tbe  latter  conatltntea  large  forests  along  the  lower  St.  Lawrence.  In  Nova 
Scotia,  New  llrunawick  and  went  ward  as  for  as  Minnesota. 
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The  oleoresiu  exude*  slowly  into  the  cans,  which  are  emptied  daily  and 
then  thrust  into  a  fresh  pustule.  One  man  collects  little  more  than 
%  gal.,  or  2%  k.,  daily;  with  the  aid  of  children  he  may  collect  double 
the  amount.  After  every  season  the  trees  must  be  allowed  to  rest 
for  from  one  to  two  years,  because  of  the  insufficiency  of  the  accumu- 
lation of  oleoresiu.  The  principal  place  of  export  for  Canada  balsam  is 
Quebec.  The  annual  production  has  been  given  at  greatly  varying 
figures.  It  probably  does  not  exceed  20,000  k.  during  the  best  years. 
(Stearns,1  1«.")9;  Saunders,*  1877.) 

Upon  distillation  the  balsam  yields  10 — 24  p.  c.  of  oil. 

Properties  and  Composition.  The  oil  obtained  from  the  dextro- 
gyrate balsam  is  laevogyrate.  Its  odor  corresponds  to  that  of  the 
ordinary  oil  of  turpentine.  It  begins  to  distill  at  160°,  the  major 
portion  coming  over  at  167°,  a  smaller  amount  even  above  170°. 

When  saturated  with  hydrogen  chloride  the  oil  does  not  yield  a 
crystalline  hydrochloride  directly.  A  compound  of  the  formula  CioHi«.H01 
was  obtained  by  Fluckiger8  only  nfter  treatment  of  the  product  of 
reaction  with  fuming  nitric  acid.  The  presence  of  pinene,  rendered 
probable  by  this  experiment,  was  proven  by  Emmerich*  (1895)  by 
means  of  the  nitrosochloride,  and  the  nitrolbenzylamine  base  melting 
at  122".    The  pinene  of  Canada  balsam  is  l-pinene. 

10.    Turpentine  Oil  from  Strassburg  Turpentine, 

History.  Strassburg  turpentine,  which  was  known  and  used  at  the 
time  of  the  Romans,  has  long  disappeared  from  the  market  being  dis- 
placed by  cheaper  varieties  of  turpentine.  The  oil  has  probably  never 
been  distilled  on  any  other  than  a  small  scale  and  principally  for 
scientific  purposes. 

Origin  and  Preparation.  The  oleoresiu  of  Abies  nlbu  Miller  {Abies 
pectiniitH  P.  C,  Pittas  picea  L. )  which  is  widely  distributed  in  central 
Europe,  is  found  in  pustules  like  that  of  Abies  hulsniiie/i  Miller.  Upon 
raising  the  bark,  the  pustules  are  readily  recognisable  and  are  opened. 
The  exuding  balsam  is  collected  in  small  tin  cans.  The  yield  is  small 
and  the  collection  of  larger  quantities  tedious.  L'p  to  the  middle  of  the 
seventies.  Strassburg  turpentine  was  still  collected  near  Mutzig  and  Ban- 
in  the  Vosges  mountains.  For  local  trade  and  use.  the  collection 
may  still  take  place;  in  general,  however,  this  aromatic  turpentine 
possesses  historic  interest  only. 

>)  JahmbiT.    t.    Pharni.,    ISttO,    p.   ST: 
larmncngrnphln.  p.  SIS. 
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Properties  and  Composition.  The  laevogirate  turpentine,  accord- 
iog  to  its  age,  yields  up  to  24  p.  c.  of  a  laevogyrate  oil  which  boilB  at 
163°  and  has  a  Bp.  gr.  of  0.801.  Although  no  crystalline  hydrochloride 
could  be  obtained  (Fliickiger,1  1809)  there  can  be  little  or  no  doubt  but 
that  this  oil  contain*  pinene. 

11.    Burma  Turpentine  Oil. 

The  distillate  of  the  turpentines  of  two  pines  indigenous  to  and 
widely  distributed  in  Burma,  viz.  the  Pinus  khaxyti  and  Pinus  merknnii 
have  been  examined  by  Armstrong3  (1891  and  1890).  Aside  front' 
the  rotatory  power,  both  are  like  the  French  oil  of  turpentine. 
Armstrong  is  of  the  opinion  that  India  might  supply  its  entire 
demand  for  turpentine  oil  from  Burma  if  a  turpentine  industry  could 
be  established. 

The  turpentine  from  Pinus  khnsyn  yielded  upon  distillation  13 
p.  e.  of  oil  of  the  sp.  gr.  0.8027,  and  h  specific  rotatory  power 
[«]D=-  +  86°28'. 

The  turpentine  from  Pinns  merkusii  yielded  almost  1!)  p.  o.  of  oil, 
the  sp.  gr.  of  which  was  0.8010  and  the  specific  rotatory  power 
WD-  +  W4.V. 

12.    Russian  Turpentine  Oil.8 

As  shown  in  the  communication  of  Schkatelow*  (1898),  turpentine 
is  collected  from  Pinus  silvestrie  L.  in  the  gouvernements  Arkhangelsk 
and  Wologda.  Whether  or  not  the  oil  is  distilled  from  the  oleoresin  is 
not  mentioned. 

Golubeff5  (1888)  examined  an  oil  distilled  from  Pinus  sibirifa"  with 
superheated  steam.  From  fraction  162°,  cooled  to0°.  a  solid,  optically 
active  camphene,  CioHin.  separated,  which  melted  at  80°  and  boiled  at 
159.°  From  fraction  230°  a  solid  substance  was  also  obtained,  which, 
however,  was  not  examined  farther. 


')  JiihrpHber.  I.  Pharm..  1R6U,  p.  IS:   PharmacoKraphlii,  p.  61S. 

'»  Pharm.  Jouro..  Ill,  31,  p.  11(11;   56.  p.  8T0. 

■)  In  commerce  the  pine  tar  oil  distilled  In  Russian  Poland  In  commonly  designated 
as  Russian  turpentine  oil. 

•>  Jouru.  d.  rasa,  phys.-chem,  Qea.,  20.  p.  477;  Jahreabi-r.  I.  Phariu.,  1S8H.  p.  10; 
Chem.  Centralbl..  188B,  I,  p.  106. 

*)  Joorn.  d.  raw.  pnys.-clwm.  Gee.,  30,  p.  583;  Uiem.  (entralbl.,  1MS8,  II,  p.  1622. 

•)  Wbether  the  oil  wan  obtained  troiu  the  oleoresln  does  not  become  apparent  from 
the  abstract  available.  This,  however,  may  be  assumed,  nlnce  the  oil  from  the  needier 
of  Plans  sibtrtca  {Abies  slbliica)  does  not  contain  camphene. 
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13.  Turpentine  Oil  from  Picea  Exeelsa. 
Rot  litan  lien  t  e  r  penti  n  ft! . 
The  turpentine  from  Picea  exeelsa  Lk.  (Finns  picea  0uroi)  col- 
lected in  the  neighborhood  of  Naples,  being;  distilled  for  experimental 
purposes,  yielded  18.3  p.  c.  of  an  oil  of  the  sp.  gT.  0.866.  The  optieal 
rotation  an  was  +  3°  3'  at  18°  and  the  saponification  number  =  0.  The 
oil  had  the  agreeable  odor  of  pine  needles.1 

14.     Tnrpentine  Oil  from  Pinna  Sabiniana. 

The  turpentine  of  the  nut  or  digger  pine.  Finns  stihiniana,  which  ie 
indigenous  to  California  and  the  western  slopes  of  the  Sierra  Nevada, 
yields  upon  distillation  an  oil  that  differs  totally  in  properties  and 
composition  from  the  other  turpentine  oils. 

According  to  Wenzell*  (1872)  the  crude  oil  boils  principally  between 
Wl— IMS"  and  consists  almost  entirely  of  a  hydrocarbon,  abietene,  the 
sp.  gr.  of  which  ie  0.(59-1  at  16.5°.  At  the  beginning  of  the  seventies  it 
was  sold  in  the  San  Francisco  market  under  the  names  abietene,  erasine, 
anrantine  and  theoline  as  a  substitute  for  petroleum  benzin  for  the 
removal  of  stains. 

Abietene  is  not  affected  by  hydrochloric,  sulphuric,  and  nitric  acids 
in  the  cold  and,  according  to  Thorpe8  is  identical  with  heptane.  The 
examination  by  Bchorlemmer*  (1883),  Venable8  (1880).  render  it 
probable  that  this  hydrocarbon  is  normal  heptane,  identical  with  that 
from  petroleum. 

The  source  of  this  oil  has  been  a  question  of  dispute,  it  having  been 
referred  to  P.  ponderosa  and  to  P.  jeffi-eyi  as  well ;  the  oil  has  even  been 
suspected  of  consisting  merely  of  a  petroleum  fraction.  The  classification 
and  synonomy  of  these  pines  is  in  an  unsatisfactory  condition  and  may 
well  give  rise  to  misunderstandings.0 

Pine  Tar  Oils. 

Kienole. 

Besides  pyroligneous  acid,  pine  tar  oil  is  obtained  in  several  districts 

of  Europe  rich  in  pine  forests,  as  a  by-product  in  the  manufacture  of 

charcoal  and  wood  tar  by  the  dry  distillation  of  the  resiniferous  roots 

of    the   common    pine,    Finns  silvestris    L.      In    Scotland    Pinus    lede* 

1)  Bericht  von  S.  A  Co.,  Oct.  1S9B,  p.  76. 
>1  Amerlc.    Joum.    Charm..    44,     p.    97; 
Pbarm.  Joum.,  Ill,  2,  p.  78U. 

>)   UcblR'H  Annnlcn.  IDS,  p.  8S4. 
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bourii  Endl.  is  also  used  (Tilden,1  1878).  In  continental  Europe,  most 
of  the  pine  tar  oil  is  made  in  eastern  Germany,  in  Poland,  in  Finnland 
and  in  other  parts  of  northern  Russia,  also  in  Sweden. 

The  crude  pine  tar  oil  contains  tarry,  empyreumatic  admixtures 
which  are  removed  by  rectification  with  milk  ot  lime.  Nevertheless,  the 
oil  retains  an  erapyreuraatic  odor.  Though  resembling  turpentine  oil, 
this  odor  renders  it  inferior. 

In  a  general  way  it  can  be  said  that  all  pine  tar  oils  have  like 
prdperties  and  like  composition.  Their  components  are  dextro-pinene, 
ilextro-sylvestrene,  and  dipentene."  From  turpentine  oil  they  differ 
principally  by  their  sylvestrene  content.8 

IB.    German  Pine  Tar  Oil. 

Dentsches  KlenBl. 

The  distillation  of  tar  is  conducted  only  in  a  few  places  in  the 
vicinity  of  Torgau  (Province  of  Saxony);  the  production  of  charcoal. 
tar  and  pitch  have  become  the  prime  object.  While  the  trunks  of  the 
pines  are  converted  into  lumber  or  fuel,  the  roots  rich  in  resin 
are  submitted  to  dry  distillation  after  the  splint  has  been  removed  to 
be  used  as  fuel.  With  the  present  rational  method  of  production*  the 
distillation  of  tar  is  conducted  in  a  sugarloaf-like  oven,  built  of  fire- 
brick, whicli  is  heated  by  a  wood  fire  circulating  outside  of  these  walls. 
The  floor,  which  inclines  toward  the  center,  is  provided  with  a  large  exit 
tube  through  which  all  of  the  liquid  products  of  distillation  escape  into 
a  pit  of  masonry.  Through  a  lateral  branch  of  the  exit  tube,  the  more 
volatile  aqueous  and  ethereal  products  of  distillation  pass  through  a 
condenser  and  are  collected  in  large  Florentine  flasks.  In  this  manner 
the  lighter  oils  are  separated  from  the  heavier  pyroligneous  acid. 

The  crude  pine  tar  oil  is  rectified  over  milk  of  lime  and  charcoal.  It  is 
used  in  the  preparation  of  iron  paints,  for  the  cleaning  of  type  and  elec- 
tros, and  in  the  preparation  or  dilution  of  the  cheaper  grades  of  paints. 


I)  Pharm.  Joarn..  Ill,  8,  p.  58U. 

>)  In  order  to  ascertain  whether  aylveslrene  and  dlpentene  are  to  be  regarded  an 
original  component*  or  as  decomposition  products  due  to  destructive  distillation, 
Aechun  and  HJelt  (Chem.  Kelt.,  IS  [1894],  p.  156S1  distilled  the  trunk  wood  ol  the  Scotch 
pine  (flr)  with  water  vapor.  They  found  plnene  and  sylvestrene,  bnt  no  dlpentene.  It 
would  appear,  therefore,  that  sylvestrene  le  an  original  constituent  ol  the  pine  oil.  but 
that  dlpentene  must  be  regarded  as  a  product  ol  Inversion  ot  the  plnene  due  to  heat. 

*)  Ho  tor,  lyJveetrene  has  been  found  In  the  roots,  the  wood  and  the  needles  of 
Plaaa  sflresMs  I...  also  In  the  needles  of  Plnun  caoataan  Durol.  Apparently  It  Is  found 
In  ptnui  species  only  and  not  In  other  genera  of  the  Ahletlnuae. 

*i  According  to  personal  observations  made  at  a  large  tar  distillery  In  the  neigh- 
borhood of  Torgau. 
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Properties.  German  pine  tar  oil  has  a  terebinth inate,  empyreu- 
matie  odor,  a  light  yellow  color,  sp.  gr.  0.865  to  0.870,  and  a  rotatory 
power,  «d,  of  +18  to  +22°.  Upon  distillation  of  a  normal  pine 
oil  the  following  fraction*  were  obtained : 

From  160—165°.  21.8  p.  c.  From  175—180°,     6.4  p.  c. 

"      165—170°,  50.4    ■'  Residue.,     6.4    " 

"      170-175°,  15.2    " 
Composition.     German  pine  tar  oil  contains  dextro-pinene,  dextro- 
sylvestrene,  and  dipentene  and  doeH  not  differ  in  composition  from  either 
the  Polish  or  Swedish  oils. 

16.    Polish  or  Russian  Pine  Tar  Oil. 
Polalsehe*  oder  RiiwlMbes  Klenol. 

(Ainu  knows  as  Russian  turpentine  oil.) 

In  Russia  also,  pine  tar  oil  is  but  a  by-product  in  the  manufacture 
of  charcoal  in  the  tar  distilleries.  These  are  very  common  in  Russia 
and  to  be  found  wherever  there  are  large  pine  forests.  The  principal 
sent  of  the  charcoal  and  tar  industry  is  in  Arkhangelsk,  Wologda  and 
the  neighboring  gouveniements,1  also  in  Poland. M  It  has  almost 
invariably  the  character  of  an  home  industry  and  is  conducted  in  a 
primitive  manner  in  ovens  made  of  clay. 

The  crude  pine  tar  oil  of  the  smaller  manufacturers  is  principally  used  ' 
for  home  consumption.  The  larger  distilleries  which  also  purchase  the 
crude  oil  from  the  smaller  plants,  purify  the  oil  by  rectification  over 
milk  of  lime  and  charcoal.  The  pyrol igneous  acid  is  mostly  converted 
into  calcium  acetate. 

The  sp.  gr.  of  the  Russian  pine  tar  oil  is  0.8(12— 0.87:2,  the  angle  of 
rotation  «d=  +  15° 25'  to  +24-°  (Armstrong,8  1883).  It  boils  between 
155—180°  (Wallaeh*  1885;  Tililen."  1877).  Upon  distillation  of  a 
normal  Russian  pine  tar  oil,  Tilden  obtained  between  160—171°,  10  p.  c. ; 
between  171—172°,  63  p.  c;  and  between  172—185°,  24  p.  c. 

Polish  pine  tar  oil  was  examined  in  1877  by  Tilden  and  in  1887  by 
Flawitzky.6    Dextro-pinene  was  found  present;  a  terpens  boiling  between 

l)  KownJewakl,  I'le  ProduktlvkrAlte  Ruanlajida.  German  translation.  Lelpilg  1SUS. 
pp.  234.  205. 

•)  According  to  a  private  communication  (1HU6)  from  Prof.  G.  Wagner  ol  Warnchau 
there  are  in  RiiMtlan  Poland,  particularly  In  the  KODvernemenla  Lublin,  Lomia  mid 
SnwaJki  nearly  1O0  tar  dlHtlllertea.  each  one  ot  which  produces  on  an  average  about 
1,(100— 2,300  kilo  ol  pine  tar  oil. 

•}  Pharm.  Journ.,  Ill,  IS,  p.  G86. 

»)  Lieblg-ti  Annalen,  280,  p.  24.1. 

J)  Pharm.  Journ.,  III.  8,  p.  447:  Journ.  (Them.  Hoc.,  88.  p.  SO. 

8)  Berichte,  20,  p.  105<i. 


byGoogle 


Oils  of  the  Abietinew.  X67 

171—172°  which  Tilden  supposed  to  be  syivestrene,  though  he  did  not 
succeed  in  preparing  the  chlorhydrate,  m.  p.  72°;  and  cymene.  identiiied 
by  means  of  bromine  and  sulphuric  acid.1  Wallach  iri  1885  substantiated 
the  presence  of  pinene.a  He  alBO  identified  the  syivestrene  in  fraction 
170 — 180°  by  means  of  the  crystalline  hydrochloride,  m.  p.  72°.  In  the 
fractions  boiling  about  180°.  he  also  identified  dipentene  by  means  of 
its  tetrabromide,  and  a  terpene  which  yielded  a  liquid  addition  product 
with  bromine  (terpinene?). 

17.    Swedish  Pine  Tar  Oil. 

Schwedlscbea  Kienol. 
Swedish  pine  tar  oil  has  a  sp.  gr.  0.871,  and  a  rotatory  power 
«D=  + 14° 48'.  According  to  the  examination  of  Atterberg8  (1877)  it 
contains  dextro-pinene,  b.  p.  156.5— 157.5°  (pinene  ehlorhydrate,  m.  p. 
131°) ;  and  a  hitherto  unknown  terpene,  b.  p.  17-1 — 175°,  which  Atter- 
berg  characterized  by  a  dichlorhydrate  melting  at  72—78°  and  which 
he  termed  syivestrene.    Wallach*  (1885)  also  examined  this  oil. 

18.    Pine  Tar  Oil  from  Finnland. 

Finland  tone*  Kienol. 
Since  closed  ovens  are  used  in  the  production  of  wood  tar  in  Finn- 
land,  a  large  quantity  of  pine  tar  oil  is  obtained  as  by-product  from 
the  trunks  of  the  pines,"  spruces  and  firs.    Two  varieties  of  pine  tar 
oil  from  Finnland  have  been  examined  by  A  seta  an  and  Hjelt8  (1894). 

1.  From  southern  Finnland.  After  five  repeated  fractionations  the 
following  fractions  were  obtained ;  1)  155— 160°,  7.1  p.  c;  2)  160—165°, 
30.2  p.  c;  3)  165—170°.  22.6  p.  c;  4)  170-175°,  20.1  p.  c. 

The  first  fraction  consisted  of  pinene  (hydrochloride,  m.  p.  123—124° ; 
nitrosochloride,  nitrosopinene).  In  fraction  170 — 174°  syivestrene  (di- 
hydroehloride.  in.  p.  72°)  and  dipentene  (dihydrochloride,  m.  p.  49 — 50°) 
were  found. 

2.  An  oil  from  northern  Finnland  differed  from  the  former  in  the 
relatively  larger  amount  of  higher  boiling  fractions.  Fractions  160 — 165°, 
also  165 — 170°  were  insignificant,  whereas  fraction  170—174  represented 
32.2  p.  c,  and  fraction   174—178°,   21.2  p.  c.     In  the  lower  fractions 

i)  In  the  presence  ol  terpeneetbla  reaction  cannot  be  considered  h  punitive  proof. 

')  Ltebijr'"  Annslen,  S80,  p.  34B. 

»)  Berlchte.  10,  p.   1202. 

*)  LleblK'e  Annalen,  280,  p.  341). 

•)  The  lorente  ol  Finnland  conrtat  approximately  of  77  p.  c.  pinea  and  12  p,  o.  apruee. 

«)  Cham,  Zpttung,  1»,  pp.  1HBB,  1609,  1800. 
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pinene  was  found,  whereas  the  higher  fractions  consisted  chiefly  of 
dipentene.  Sylvestrene,  though  probably  present  in  small  quantities, 
could  not  be  identified. 

Mention  has  already  been  made  (on  p.  255,  footnote  2)  of  the 
distillate  with  water  vapor  which  was  prepared  in  order  to  ascertain 
whether  sylvestrene  and  dipentene  are  normal  constituents  of  the 
original  oil. 

Pine  Needle  Oils. 

Fichtenn  ad  elttle.  " 

Distillates  from  the  needles. and  cooes  of  the  Abietineae. 

The  collective  term  pine  needle  oil  comprises  the  fragrant  oils  from 
the  fresh  needles  and  young  twigs,  also  the  one  year  old  cones  of  pines, 
spruces,  larches  and  firs. 

If  the  above  designation  is  not  infrequently  a  misnomer,  the  names 
applied  to  specific  oils  in  price  lists  are  often  no  more  correct,  so  that 
frequently  no  conclusion  can  be  drawn  from  the  name  as  to  the  source 
of  the  oil.  Current  names,  though  wrong,  are  difficult  to  displace. 
However,  in  the  following  presentation  the  correct  names  only  will 
be  used. 

This  state  of  affairs  is  partly  due  to  the  confusion  existing  in  the 
Latin  as  well  as  in  the  German  (we  might  also  add  English)  nomen- 
clature of  the  conifers.  For  this  reason,  the  older  literary  references  to 
coniferous  oils  must  be  cautiously  accepted. 

On  account  of  their  balsamic  and  refreshing  odor,  these  oils  are 
being  used  in  the  preparation  of  various  pine  needle  essences  for  sprays 
in  living  rooms  and  sick  chambers,  in  the  preparation  of  aromatic 
baths,  and  in  finer  perfumery  and  the  soap  industry.  They  have,  there- 
fore, become  current  articles  of  commerce. 

The  cheaper  pine  needle  oils  are  frequently  adulterated  with  tur- 
pentine oil.  Inasmuch  as  pinene  is  a  normal  constituent  of  these  oils, 
its  mere  presence  does  not  signify  adulteration.  The  addition  of  a  large 
percentage  of  turpentine  oil,  however,  can  readily  be  demonstrated  by 
comparing  quantitatively  the  fractions  of  a  suspected  oil  with  those  of 
a  genuine  oil.  In  the  adulterated  oil  the  fractions  distilling  about  1 60° 
or  below  170°  are  much  larger  than  in  the  pine  needle  oil.  As  a  basis  for 
comparison,  quantitative  fractionations  are  recorded  in  connection 
with  the  more  important  oils.  Variations  in  specific  gravity  are  not 
great  and,  therefore,  of  less  importance  than  the  examination  of  the 
rotatory  power  of  the  oils.    Besides,  the  saponification  number  of  the  oils 
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adulterated  with  turpentine  oil  is  much  smaller  than  that  of  the  genuine 
oils  and,  therefore,  may  serve  in  a  general  way  as  a  good  test  for  the 
purity  of  the  pine  needle  oils. 

19.    Pine-Needle  Oil  from  Abies  Alba. 

EderUnnenn  adelffl. 
This  oil  is   distilled   principally   in  Switzerland  and  Tyrol   (in   the 
Puster  valley)  from  the  needles  and  twigs  of  Abies  alba  Miller  (Abies 
pectinate   D.   C,   Abies  excelsa.  Lk.)    (Germ.  Edeh&mie,    Weisstanne  or 
Silbertttnne). 

Properties.1  This  oil  is  a  colorless  liquid  possessing  a  balsamic  odor; 
sp.  gr.  0.869—0.875;  «it  =  ~20°  to  — 59°.  It  is  soluble  in  5  parts  of 
90  p.  c.  alcohol.  It  contains  4.5  to  10.9  p.  c.  of  ester  (bornyl  acetate). 
Upon  distillation,  8  p.  c.  come  over  below  170°,  and  55  p.  c.  between 
170—185°.  Above  this  temperature  partial  decomposition  results,  the 
bornyl  acetate  splitting  off  acetic  acid. 

Composition.  Bertram  and  Walbaura1  ascertained  the  presence  of 
the  following  constituents:  .1-pinene  (pinene  nitrol  benzylamine,  m.  p. 
122—128°),  1-limonene  (tetrabromide,  m.  p.  104°),  1-bornyl  acetate,* 
and  a  sesquiterpene  not  yet  identified. 

20.    Oil  from  Cones  of  Abies  Alba. 
EdeluuineBzapfenel.    TempUnM. 

This  oil  is  obtained  in  several  sections  of  Switzerland  and  the 
Thuringian  forest  by  distilling  the  one  year  old  cones  of  Abies  alba 
Miller,  collected  in  August  and  September,  with  water  vapor. 

Properties.  This  oil  is  colorless  and  possesses  an  agreeable  balsamic 
odor  reminding  "somewhat  of  lemon  and  orange.  Ite  sp.  gr.  is  0.858 
to  0.870;  ite  aD  — — «0°  to  76°.  The  amount  of  ester  (calculated  as 
bornyl  acetate)  is  0.5  to  4  p.  c.  With  6  parts  of  90  p.  c.  alcohol, 
the  oil  gives  a  clear  solution.  It  is  characterized  by  a  large  percentage 
of  l-limonene.  Inasmuch  as  this  strongly  optically  active  terpene  is 
ite  most  valuable  constituent,  the  rotatory  power  of  the  oil  is  taken  as 
a  criterion  of  ite  value.  The  stronger  the  laevorotation  and  the  lower 
the  sp.  gr.,  the  more  limonene  the  oil  contains. 

I)  Berlcht  voa  S.  &  Co.,  Oct.  1892,  p.  91;  April  1HB8,  p.  20;  Arcblv  d.  Phaim., 
281.  p.  291. 

»)  Hlrwhsohn,  Pharm.  Zeltwhr.  f.  Rutland.  81,  p.  .198. 
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Upon  distillation  11  p.  c.  came  over  between  l.">0— 170°,  and  37  p.  e. 
between  170—185°,  Above  this  temperature  partial  decomposition 
accompanied  by  splitting  oS  of  acetic  acid  takes  place. 

Composition.  Of  the  older  investigation*!  of  Temptin  oil  tliose  of 
Fliickiger1  (18.r.0)  and  of  Berthelot*  (1856)  should  be  mentioned.  These 
invent  igators  studied  the  action  of  strong  acids  on  the  oil  and  obtained 
terpin  hydrate,  a  terpene  mono  hydrochloride  and  a  terpene  dihydro- 
chloride.  The  fonnation  of  these  compounds  is  to  be  attributed  to  the 
presence  of  pinene  and  limonene  as  shown  later. 

In  1885  Wallach8  examined  a  "templin  oil"  designated  "Fichten- 
nadelol"  and  found  its  principal  constituents  to  be  pinene  and  1-limonene. 
Bertram  and  Walbaum*  (1898)  showed  that  the  pinene  also  is  laevo- 
gyrate  and  that  "TemplinSl"  consists  principally  of  l-pinene  and 
1-limonene.  They  also  found  a  trace  of  an  enter,  the  nature  of  which 
could  not  be  ascertained,  but  which  in  all  probability  is  bornyl  acetate, 
also  found  in  the  oil  from  the  needles.  On  account  of  the  large  per- 
centage of  1-limonene,  this  oil  is  the  best  source  for  this  hydrocarbon. 

21.    Pine  Needle  Oil  from  Pieea  Exeelsa. 
Fichteti-  or  RotLtanuemmdeKH. 

The  '■FichtennadeWI''  proper  is  obtained  hv  steam  distillation  from 
the  fresh  needles  and  twigs  of  the  Norway  spruce,  the  Picea  excels*  Lk.. 
(Pieea  vulgaris  Lk.).  The  yield  is  about  0.15  p.  c.  (Bertram  and 
Walbaum.8)    As  far  as  is  known,  it  is  not  a  commercial  article. 

The  odor  of  the  colorless  oil  is  as  pleasantly  aromatic  as  that  of 
the  oil  from  the  needles  and  cones  of  Abies  alba  Miller.  Its  sp.  gr.  is 
0.880  to  0.888,  and  its  uD  =  —  21° 41'  to  -37°.  Upon  fractional  dis- 
tillation Bertram  and  Walbaum*  obtained  20  p.  c.  between  100—170°, 
and  50  p.  c.  between  170—185°.  Above  this  temperature  decomposition 
took  place.  Umney7  (1895)  obtained  41  p.  c  between  163—173°,  16 
p.  c  betw.  173—176°.  13  p.  c.  betw.  1 76—185°.  14  p.  c.  betw.  1 85—220°, 
and  1G  p.  c  residue.  The  amount  of  ester  (calculated  as  bornyl  acetate) 
is  8.3  to  9.8  p.  c. 

Composition.  Fraction  100—170°  of  "Fichtennadelol"  contains 
l-pinene  (nitro  I  benzyl  amine,  m.  p.  122—123°;  nitrosopinene,  in.  p.  132°). 
Fraction  170—175°  consists  of  a  mixture  of  1-phellandrene  (nitrite,  m.  p. 


1  Vlertoljahnwchr.  1 .  prn 
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101°)  and  dipentene  (dihydrochloride,  in.  p.  50°).    The  higher  fractions 
contain  l-bornyl  acetate  and  cadinene  (dihydrochloride,  m.  p.  118°). l 

22.    Pine  Needle  Oil  from  Pinna  Montana. 
Latchenkiefer-  oder  KrnnmhoWH. 

It  itt  obtained  by  steam  distillation  from  the  needles  and  young 
twigs  of  Pinas  montans.  Miller  (Pinua  pnmilio  Haenke,  Pinna  muglius 
Scop.,  Ger.  Latachen-  or  Zwergkiefer,  LegfShre)  principally  in  the  Austrian 
Alps,  more  especially  in  Tyrol  (Puster  valley),  also  in  Hungary  and 
Siebenbfirgen. 

Of  the  yield  obtained  At  these  placet),  no  reliable  data  are  on  hand. 
An  experimental  distillation  in  Leipzig  with  fresh  twigs  obtained  from 
Siebenbiirgen  and  Hungary  yielded  0.26  p.  c*  and  0.68—0.71  p.  c*  of  oil 
respectively.    The  young  wood  without  the  needles  yielded  0.27  p.  c.  of  oil. 

Properties.  "Latsehenkiefer"  oil  has  a  pleasant  balsamic  odor.  It 
is  colorless  and  has  a  sp.  gr.  of  from  0.865  to  0.875.  The  oils,  alluded 
to  above,  which  had  been  distilled  in  Leipzig  from  material  that  had 
partly  dried  during  the  long  transportation,  could,  therefore,  not  he 
considered  as  normal  oils.  Their  sp.  gr.  was  as  high  as  0.892. s  The 
optical  rotation  of  the  normal  oil  varies  from  —  4° 80'  to  —9°;  the 
percentage  of  ester,  calculated  as  bornyl  acetate,  varies  from  5 — 7  p.  c. 
Upon  fractional  distillation,  nothing  came  over  between  160 — 170°,  but 
70  p.  c.  were  obtained  between  170 — 180°  (Bertram  &  Walbaum*). 
An  oil  distilled  by  UmneyB  (1895)  yielded  2  p.  c.  betw.  155—165°, 
59  p.  c.  betw.  105—180°,  21  p.  e.  betw.  180—200°  and  18  p.  c. 
above  200° .« 

Composition.  Ai^ording  to  Bertram  &  WalbaumT  "Latschen- 
kieferSl"  contains  but  little  l-pinene8  in  the  lower  fractions  (pinene 
nitrolbenzylamine,  m.  p.  122—123°).  In  the  following  fractions  1-pbel- 
landrene  (nitrite,  m.  p.  102°),  sylvestrene8  (dihydrochloride,  m.  p.  72°) 
and  bornyl  acetate:  in  the  highest  fractions  cadinene  (dihydrochloride, 
m.  p.  118°)  have  been  found. 

I)  Archlv  d.  Pharm.,  381,  p.  3U6. 

■)  Berlcht  ron  8.  ft  Co.,  Oct.  18»8.  p.  Itt. 

i)  Ibidem,  Oct.  1898.  p.  76. 

*)  Loc.  dt.,  p.  M»7. 

>)  I'lmrm,  .Ilium..  BS.  p.   112. 

*>  Tula  seems  to  nhun-  conclusively  that  the  requirement*  of  the  seveatb  edition 
of  tbe  Austrian  Pharmacopoeia,  tIi.  sp.  gr.  0.35,  and  b.  p.  170°,  are  Inaccurate. 

')  Loc.  dt.,  p.  SOT.  —  (,'omp.  alio  Lleblg's  Annalen,  IIS,  p.  B28. 

»l   First  found  by  Atterberg  (1881)  and  described  by  him  a«  b 
14,  p.  3881. 

»)  AttvrbrrK  suspected  the  presence  ol  sylvestrene  In  this  ■ 
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23.    Pine  Needle  Oil  from  Pinne  Silvestris. 
KiefernarfelM, 

From  bhfi  needles  of  Pinna  si/ restris  •.!,.,  Germ.  K'mfor  or  FiShre. 

German  "Kiefernadelol".  The  needles  from  P.  silveetrig,  which 
arrows  in  all  parte  of  Germany,  have  been  repeatedly  distilled  for  experi- 
mental purposes.  Although  but  slightly  inferior  to  other  pine  needle 
oils  in  odor,  the  oil  has  not  found  its  way  into  perfumery  and  the  soap 
industry  and  consequently  is  not  an  article  of  commerce. 

Fresh  leaven  distilled  in  July  yielded  0.55  p.  C.,1  leaves  distilled  in 
Dei-ember  0.45  p.  c.  of  volatile  oil  (Bertram  &  Walbaum2). 

Properties.?  The  odor  of  the  oil  resembles  that  of  the  pine  needle 
oiIh  from  Abies  alba  Miller  and  Pinus  moatana  Miller  but  is  less  delicate. 
Its  sp.  gr.  is  0.884—0.886  and  its  «D  =  +  7°  3'  to  10°.  Upon  fractional 
distillation  10  p.  c.  came  over  between  160—170°.  46  p.  c.  betw. 
170— rfl5°.  With  10  p.  of  00  p.  c.  alcohol  the  oil  gives  a  clear  solution. 
The  ester  content,  calculated  as  bornyl  acetate,  is  3.2—8.5  p.  e. 

Composition.  The  German  oil,  like  the  pine  needle  oils  previously 
mentioned,  contains  pineue,  but  the  pinene  differs  from  that  found  in 
these  nils  in  being  dextrogyrate1  (nitrolbenzylamine,  m.  p.  122— 128°). 
It  also  contains  d-sylvestrene.  Its  di hydrochloride  first  melted  below 
50°  and  only  after  repeated  recrystallization  acquired  a  constant  melt- 
ing point  of  72°.  Inasmuch  as,  according  to  Wallach,  dipentene 
di  hydrochloride  causes  a  material  depression  of  the  melting  point  of 
sylvestrene  di  hydrochloride,  the  assumption  that  dipentene  is  present 
may  Ik>  justified. 

Upon  saponification,  acetic  acid  was  found  which  was  evidently 
combined  with  an  alcohol  (probably  borneol  ov  terpineol)  not  yet 
identified.  In  the  highest  fractions  cadinene  ( dihydrochloride,  m.  p.  11H°) 
was  found. 

Swedish  "Kiefernadelol"  is  distilled  in  Sweden,  more  particularly  in 
the  district  Jonkoping,  and  is  brought  into  the  market  as  Sehwedisches 
Fichtennadelol.  It  is  used  for  hygienic  and  medical  purposes,  in 
inhalations  for  affections  of  the  lungs,  as  admixture  to  baths,  and  in 
sprays  for  sick  chambers. 

Properties.  The  Swedish  oil  corresponds  in  its  general  properties 
with  those  of  the  German  oil.  Its  tp.  gr.  is  0.872,  its  rotatory  power 
+  10° 40',  and  upon  distillation  yields  44,  p.  c.  distillate  at  160—170° 

1)  Archlv  A.  F'hnrm.,  281,  p.  800. 

»)  Ibidem:  and  Bit.  von  K.  &  Co.,  Oet.  ISO",  p.  TB. 
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and  40  p.  c.  at  170—  185°.  It  contains  d-pinene  (uitrolbeniylamine, 
m.  p.  122 — 129°).  d-sylvestrene  (dihydrochloride,  m.  p.  72°),  and  small 
amounts  of  an  ester  (3.5  p.  c.  calculated  an  bornyl  ester),  the  nature  of 
which  has  not  yet  beeu  definitely  ascertained  but,  judging  from  the 
odor,  appears  to  be  bornyl  acetate  (Bertram  and  Walbaum,1  1898). 

English  "Kiflfernsdelol."  From  the  German  and  Swedish  oils,  the 
English  is  distinguished  by  its  laevo rotation. 

Umney*  (1895)  distilled  the  needles  of  the  Sooteh  fir,  PmuB  silvestrin 
L.  at  different  times  of  the  year  and  obtained  0.5  p.  c.  of  oil  in  June, 
and  0.133  p.  c.  in  December.  Its  sp.  gr.  varied  from  0.885—0.889,  and 
its  rotatory  power,  od  = — 7.75°  to  — 19°.  The  ester  content,  calculated 
an  boniyl  acetate,  amounted  to  2.9—3.5  p.  e.  Upon*  fractionation  of 
the  two  oils,  the  following  results  were  obtained : 


distilled. 

In  Juik 

).        In  December. 

If,  7-1(37° 

8  p.. 

!.            13  p.  c. 

167—177° 

27     " 

■2i     " 

177-187° 

20     " 

»     " 

187-187° 

8     " 

6     " 

197—240° 

7     •' 

T     " 

240—232° 

0     " 

4     " 

liquid  lie 

29     " 

87     " 

Composition.  The  lowest  fraction  deviated  the  ray  of  polarised  light 
13°  to  the  left  (in  a  100  mm.  tube)  and  possessed  all  the  properties  of 
1-pinene.  Fraction  171—175°  was  slightly  dextro  rotatory  (+0.75°), 
and  corresponds  in  its  properties  to  dipentene8  and  gave  with  glacial 
acetic  and  sulphuric  acids  the  characteristic  violet  sylvestrene  reaction, 

With  the  exception  of  the  opposite  rotation,  it  may  be  assumed 
that  the  English  oil  has  the  same  composition  as  the  German  and 
Swedish  oils. 

24.    Hemlock  or  Spruce  Needle  Oil. 
Hemlock-  or  Spruoe-Tannennadelftl. 

The  needles  and  young  twigs  used  in  the  distillation  of  this  oil  seem 
to  be  contributed  by  three  different  species:  1)  Abies  utuuuiemsiu  Mich*., 
(Tanga  canadensis  Carriere),  the  hemlock  (Ger.  Spruce-  Hemlock-  oder 
SchieriingB-Tanne)  which  occurs  throughout  North  America  from  Canada 
to  'Alabama  and  westward  as  far  as  the  Pacific;   2)  Picea  alba  Lk.  or 

i)  Arehlv  d.  Pb&nn.,  281,  p..  B9A. 

i)  Plmrra.  Jiiui-ii..  55.  pp.  ISt,  642, 

■I  Derivative*  of  thin  hydrocarbon  were- evidently  not  prepared.  Neither  did  ITinney 
succeed  In  obtaining  the  dlhydroehLorlde  uf  sytventrene;    .  ■  ' 
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white  spruce  (Ger.  wei&se  Tanne);  and  3)  Picea  nigra  Lk.,  the  black 
spruce  (tier,  schwurze  Tanne).  The  two  latter  are  equally  widely  dis- 
tributed with  the  first.  In  the  collection  of  the  leaves  and  twigs  it 
seems  highly  probable  that  no  distinction  is  made  between  these  three 
species,  so  that  a  commercial  oil  may  contain  variable  amounts  of  the 
oils  from  all  three.  In  fact  the  oils  of  these  three  species,  being  regarded 
as  identical,  are  brought  into  the  market  under  the  common  name  of 
hemlock  or  spruce  oil.  Inasmuch  as  the  oils  are  alike  in  properties  and 
composition,  quantitatively,  the  confusion  in  this  case  may  be  regarded 
as  being  of  little  or  no  consequence. 

Properties  and  Composition.  Hemlock  or  spruce  oil  is  colorless, 
of  an  agreeable  balsamic  odor,1  sp.  gr.  0.907— 0.91ft,  «d  =  —  20°  51' 
(Bertram  and  Walbaum2)  to  —23° 35'  (Power8).  Fractional  distillation 
yielded  11  p.  c.  between  150—170°.  and  37  p.  c.  betw.  170—185°.  Above 
this  temperature  decomposition  sets  in  with  the  formation  of  acetic  acid. 

Hemlock  oil  contains  1-pinene  (ni  trot  benzyl  amine,  m.  p.  122— 123°)' 
36  p.  e.  1-bornyl  acetate  and  sesquiterpenes  not  identified. 

HunkeM  examined  an  oil  distilled  by  himself  from  the  fresh  twigs  of 
Abies  canadensis  Michx.  It*  sp.  gr.  at  20°  was  0.9288,  (Y|D  =  — 18.899°- 
It  contained  51.5 — 52  p.  c.  of  1-bornyl  acetate.  1-Pinene  was  identified 
by  means  of  the  nitroll>eniylnmine  base,  m.  p.  122°. 

An  oil  distilled  in  September  consisted  principally  of  about  equal 
parts  of  1-bornyl  acetate  am)  1-pinene. 

26.  Needle  Oil  from  Picea  Nigra.. 
Sen  w  arafl  ehten  nadelOl . 
The  oil  from  Picea  nigra  Lk.  already  mentioned  under  the  previous 
heading  is  almost  identical  with  hemlock  oil.  Its  sp.  gr.  is  0.922  at 
20°,  «D  =— 36.367°  at  20°.  [«]D  =  —  39.45°.  The  oil  distills  between 
160—230°,  the  principal  fraction  between  212—230°.  It  contains  4M.X5 
p.  c.  bornyl  acetate  {Kremers,s1895  (. 

26.    Needle  Oil  from  Balsam  Fir. 

Ral  nauihui  neruis.de  liil . 
The  fresh  twigs  and  young  cones  of  the  North  American  balm  of 
<jilead  fir  yield  upon  distillation  with  water  vapor  an  oil  similar  to  the 
preceding  ones. 

i)  The  all    with    which    Hunkel    worked  >)  Art-hlv.  .1.  I'burm,  381.  p.  29*. 

was    by    no   means    very    iiar.-en.Me    an    to  ■)  Descr.  Cataloinip  ol  en.  oils,  p.  5n. 

«dor.  Klct*T.  however,  regard*  to  the  odor  *)  Pbarm.  Review.  14,  p.  80. 

ol the  commercial  oil  as  very  pleasant.   F.    K.  »  Phorm.  Riindwbau,  18,  p.  183. 
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Properties  and  Composition.  The  sp.  gr.  of  the  oil  w  0.8881  at 
20°;  «d  =— 28.91°  at  20°;  [o]D=»—  82.53°.  Upon  distillation  the 
fallowing  fractions  were  obtained:  up  to  160°,  1.5  p.  «.;  160—170°, 
47.7  p.c;  170—185°,  99.9  p.  a;  185—210°,  16.2  p.  c;  residue  5.4  p.  e. 

This  oil  contains  17.6  p.  c.  of  bornyl  acetate.  Fraction  160 — 165°, 
which  is  laevogyrate,  yielded  a  nitrosochloride  melting  at  101°. 
Although  the  yield  wa«  too  small  to  make  any  of  its  derivatives  it  may 
be  assumed  that  the  fraction  in  question  contains  1-pinene  (Hunkel.1 
1805). 

27.    Siberian  Pine  Needle  Oil. 
Slblrisches  Fkb  ten  nadolol. 

This  oil  is  distilled  from  the  needles  and  young  twigs  of  Abiea  sibi- 
rica"  (Ger.  nibirinr.be  Ficbte);  on  a  large  scale  in  the  gouverneinent 
Wjiit.ka,  in  northern  Russia.  On  account  of  its  strong,  balsamic  odor, 
the  oil  is  used  in  perfuming  "Pichtennadel"  soups  and  the  cheaper 
"Tannenduft"  preparations. 

Properties  and  Composition.  The  oil  is  colorless,  has  a  sp.  gr.  of 
0.005—0.920;  «D  =—40  to  —42°.  The  ester  content  (bornyl  acetate) 
varies  from  20 — -W  p.  c.  With  equal  parts  of  a  90  p.  c.  alcohol  it " 
makes  a  clear  solution.  Fraction  160—163°  contains  l-pinene  (nitrol- 
benzylaraine,  m.  p.  122—123°).  Camphene  could  not  be  identified.  In 
the  higher  fractions  1-borneol  was  contained  as  acetic  ester  (Hirsch- 
solin.8  1892).  Besides  bornyl  acetate,  it  contains  the  ester  of  another 
terpene  alcohol,  possibly  terpineol.* 

28.    Needle  Oil  from  PI  mis  Cembra. 
ZlrbelklefentadeUU. 

The  needles  (without  the  branches)  of  the  Siberian  cedar.  I'inun 
rembm  L.  (Ger.  sibirische  Ceder,  Arve)  yield  upon  distillation  with 
water  vapor  0.88  p.  c.  of  oil.  Its  rotatory  power,  «d=  +29.1°.  It  con- 
sists chiefly  of  d-pinene  (monohydrochloride,  m.  p.  125°).  Fraction  156° 
has  a  very  high  specific  rotatory  power  [«]d  =  +  45.04°. 

On  account  of  this  high  rotatory  power,  the  oil  is  very  serviceable 
in  the  preparation  of  a  strongly  dextrogyrate  pinene  (Flawitzky,0  1892). 

>)  AmiT.  Journ.  Pharm.,  67,  p.  9. 

>)  According  to  a  statement  of  the  Arm  of  It.  Koe-hler  *  Co.,  ot  Moncau  ;  romp. 
aim  Berlcht  Ton  Bchlmmel  A  Co.,  April  1H80,  p.  lft.  Accordion  to  Prof.  Mm  thin  ol 
Wnn«ni,  however,  thin  oil  Ik  obtained  from  the  needle*  of  Larix  alblrha  Ledeboiir 
tPluus  leiWboortl  Kndl.). 

•  )  Pharm.  Zdtachr.  t.  Kuxal.,  80,  p.  5»S. 

*)  Ber.  v.  B.  4  Co.,  Oct.  18W.  pp.  43  A  78. 

')  Journ.  t.  praat.  Chem..  11,  40.  p.  11B- 
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29.    Oil  from  the  Cones  of  Abies  Reginae  Amaliae. 

The  fruit  of  Abies  reginue  amaii&e  Heldr.,  which  grows  in  the  forests 
of  Arcadia,  contains  so  large  an  amount  of  volatile  oil  that  it  exudes 
when  the  fruit  is  compressed.  Upon  distillation  of  the  crushed  fruit  more 
th«n  16  p.  c.  of  volatile  oil  has  been  obtained  (Buchner  and  Thiel.1  1804). 

Properties  and  Composition.  The  sp.  gr.  of  the  oil  is  0.868,  its 
rotatory  power  —  20°.  It  begins  to  boil  at  156°,  the  boiling  point 
remains  constant  for  some  time  at  170°  and  Anally  rises  to  102°. 

As  shown  by  elementary  analysis,  the  oil  consists  principally  of 
hydrocarbons  doHio-  A  solid  hydrochloride  was  not  obtained*  This 
is  evidently  due  to  the  fact  that  besides  pinene  the  oil  probably  contains 
limouene  andVdipentene.  A  mixture  of  hydrochlorides  is  thus  obtained 
from  which  it  is  difficult  to  separate  the  individual  compounds. 

30.    Larch  Needle  Oil. 

LlrchennadeUJl. 

The  needles  of  the  larch,  Larix  rfenidiw  Mill,  upon  distillation  yield 
but  0.22  n>  c.  of  oil  of  the  sp.  gr.  0.878;  on  =  +  0°  22'."  It  forms  a 
clear  solution  with  5  and  more  parts  of  90  p.  c.  alcohol.  Saponification 
number  2o.3,  8.  Z.  after  acetylization  40. 

If  it  ip  assumed  that  the  ester  of  this  oil  is  bomyl  acetate,  as  is 
the  case  in  most  coniferous  oils,  and  that  the  alcohol  is  borneol,  the 
above  figures  indicate  a  percent-age  of  8.1  p.  c.  of  bornyl  acetate  in  the 
original  dil  and  10. 1  p.  c.  in  the  acetylused  oil.  With  reference  to  the 
alcohol,  the  same  figures  indicate  0.53  p.  c.  of  borneol  as  ester,  and 
0.14  p.  c.  of  free  borneol,  a  total  of  12.07  p.  c. 

Upon  distillation  the  following  fractions  were  obtained :  160— 10">°, 
HO  p.  c.  H«d  =  +  4°  13') ;  1«.".— 170°,  24  p.  c;  170—180°,  16  p.  c; 
180— 190°,  8  p.  c;  100-200°,  4  p.  c;  200—230°,  f)  p.  c;  residue  0  p.  c. 

Larch,  needle  oil  has  a  pleasant,  refreshing  pine  needle  odor.  The 
smalt  yield  and  high  price,  as  well  as  the  difficulty  of  obtaining  larger 
quantities'  prevent  its  practical  application. 

31.    Sequoia  Oil. 

Upon  distillation  of  the  needles  of  the  Californian  giant,  Sequoia 
gigautea  Torrey  (WelHngtonia  gigantm  Lindl.)  which  had  been  culti- 
vated in  Zurich.  Lunge  nnd  Stein kauler8  (1880)  obtained  a  volatile  oil 
which  partly  solidified  at  ordinary  temperature. 

i)  .Ilium.  I.  prakt.  Chi-m..  02,  p.  100.  »)  Bertehte,  IS,  p.  ISM:  14,  p.  22(12. 
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The  greater  portion  of  the  distillate  consisted  of  a  hydrocarbon 
CiuHia,  boiling  at  153°,  which  possessed  a  pleasant  terebinthinate  odor, 
had  a  sp.  gr.  of  0. 8">22  and  a  rotatory  power  [«]j  =  +  23.8°.  With 
hydrogen  chloride,  a  white,  camphor-like  hydrochloride  crystallizing  in 
needles  was  obtained.  Although  these  facts  indicate  pinene,'  Lunge  and 
Steinkauler  regard  it  as  a  new  terpene  on  account  of  its  high  rotatory 
power.1 

Fraction  227— 230°  had  a  sp.  gr.  1.04."),  angle  of  rotation  +  (J°, 
and  its  odor  reminded  of  peppermint  oil.  From  the  elementary  analysis 
the  formula  CisHaoOa  was  calculated.  Between  280  and  290"  a  small 
amount  of  a  heavy  yellow  oil  of  empyreumatic  odor  was  obtained. 

Further  there  is  contained  in  the  oil  a  colorless  hydrocarbon,  which 
crystallizes  in  laminae  melting  at  105°  and  boiling  between  2i>0— 300° 
(uncorr.).  It  is  called  eequojene  anil  probably  has  the  formula  CuHio 
being  isomeric  with  fluorene. 

32.    Sandarac  Renin  Oil. 
According  to  Balzer3  (18!)6)  African  sandarac  from  t'ttllitris  quttd- 

rivalvis  Vent,  contains  about  1  p.  c.  of  volatile  oil  which  can  be  obtained 
by  steam  distillation.  The  oil  has  a  brownish  color,  a  pleasant. 
strongly  aromatic  odor  reminding  of  the  odor  of  pines.  In  the  cold  it 
becomes  viscid  and  apparently  separates  a  stearoptene-like  substance. 

33.    Thuja  Oil. 
Oleum  Thujae.— ThnjaoL— Essence  de  Thuya. 

Origin  and  Production.  Thuja  oil  obtained  by  distillation  with 
water  vapor  of  the  leaves  and  twigs  of  the  arbor  vifrie,  Thuja  orci- 
dentnliB  L.  (Ger.  Lebenshaum).  The  yield  varies  according  to  the  season 
from  0.4  to  O.CTi  p.  e.  It  is  largest  in  spring  (March)  and  deerenses 
toward  summer  (June,  Jahns,8  1883).  The  small  amount  necessary  to 
supply  the  demand,  is  distilled  principally  in  North  America. 

Properties.  Thuja  oil  is  a-  limpid,  colorless  liquid  or  of  a  yellowish 
or  greenish-yellow  color.  It  has  a  characteristic  strong,  camphor-like 
odor  of  tansy,  and  a  bitter  taste.  Sp.  gr.  0.915—0.985;  «d  =  — 5to 
—  14°.  With  3 — 4  parts  of  70  p.  c.  alcohol  it  forms  a  clear  solution. 
It  boils  between  160  and  250°.  The  first  runnings  contain  an  acid  liquid 
consisting  principally  of  acetic  acid  with  a  little  formic  acid  (Jahns8). 


l)  Rloce  the. 

a  Klawltity  (18U2)  (Joarn. 

(.  prakt.  Chem.. 

1,  45,  p.  115)  has  Isolated 

a>  pinene  with  n 

uch  higher  dextro-rotatlon. 

See  needle  oil  In 

mi  Plane  tembra  on  p.  265. 

■)  Arehlv  d 

Phftrm  ,  284,  p.  811. 

<)  Arohlr  il 

Therm.,  221,  p.  748. 
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Composition.  Thuja  oil  whs  first  examined  by  Schweizer1  in  1H48 
without  definite  results.  Jaime  succeeded  in  separating  three  sub- 
stances by  fractional  distillation.  He  obtained  a  dextrogyrate  terpene 
fraction  between  156—161°.  a  dextrogyrate  oxygenated  fraction 
between  195— 197°,  and  a  laevogyrate  oxygenated  fraction  between 
107— 199°.  Tlie  two  latter  fractions  had  the  formula  CioHiaO  ami 
inasmuch  as  they  appeared  to  l>e  optical  isomers,  lie  named  them 
il-  and  l-thujol. 

A  few  years  later  (181)2)  Wallach's*  investigation  clearly  revealed  the 
composition  of  thuja  oil.  By  means  of  the  nitrosochloride  the  identity 
of  fraction  1IH>°  witti  d-pinene  was  established.  The  fractions  up  to 
1!>0°  also  contain  a  substance  that  is  acted  upon  by  potassa  with 
the  formation  of  potassium  acetate  and  probably  contains  an  acetic 
acid  ester.  Fraction  100—200°  contains  two  chemically  different  ketones 
of  the  formula  CioHiaO,  1-fenchone.  and  d-thujone.  The  purification  of 
l-fenchoiie.  Wallach  accomplished  by  acting  on  fraction  190 — 195°  with 
potassium  permanganate  and  nitric  acid,  thereby  completely  destroying 
the  thujone  whereas  the  very  stable  fenchone  remained  almost  un- 
affected. The  fenchone  thus  obtained  corresponds  in  all  its  properties, 
with  the  exception  of  opposite  optical  rotation,  with  the  ketone  obtained 
from  fennel  oil  (comp.  p.  10(i).  To  the  second  ketone  CiuHieO.  which 
boils  slightly  higher,  Wallach  applied  the  name  thujone.  Properties  and 
derivatives  of  this  substance  are  described  on  p.  167. 

From  fraction  220"  of  the  oil,  Wallach3  (1894)  obtained  an  inactive 
oxime  melting  at  08— 94°  which  corresponded  with  optically  inactive 
earvoxime.  Upon  hydrolysis  with  sulphuric  acid  it  yielded  an  oil 
volatile  with  water  vapor,  which  had  the  odor  of  carvone  and  which 
boiled  between  220 — 280°.  The  properties  of  the  hydro-sulphide  addition 
product,  however,  did  not  agree  with  those  of  the  corresponding  com- 
pound obtained  with  inactive  synthetic  carvone.  Later  on  it  was  shown 
by  analysis  that  the  oxime  is  not  a  derivative  of  i-carvone.  as  Wallach 
first  supposed,  but  of  hydrocarvone.  ('toHmCM  (1894).  Inasmuch  as 
Semmler6  has  shown  (1894)  that  thujone.  when  heated  to  higher  tem- 
peratures, is  converted  into  carvotnnucetone  =  hydrocarvone,  it  seems 
probable  that  hydrocarvone  is  not  contained  in  the  original  oil  but  is 
formed  by  fractional  distillation  from  thujone. 


■  )  Jaui-d.  I.  prakt.  Chrni.,   SO.  p.  876;  •)  Lleblg''  Atinalen.  275.  p.  183. 

Uftilit'a  Annalen,  52,  p.  Jl'.iH.  ')  Ueblff'a  Aunitlrii.  278,  p.  894. 

>)  UeblK'x  Annalen.  272,  p.  Ott,  «>  Brrlrhte,  27.  p.  81*5. 
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34.  Thuja  Root  Oil. 

The  oil  from  the  root  of  Thnjit  ocehfcntHliii  L.  has  a  deep-brown 
color,  an  odor  reminding  of  that  of  thymoquinone.  and  a  sp.  gr.  (1.97ft. 
The  yield  is  about  2.73  p.  e.1 

35.  OH  of  Cypress. 

Oleum  Cupressl.  —  t'jpremeHSL  —  Essence  tie  Cypres. 

Orkhn  and  History.  Cypress  oil  which  wan  recommended  by  Bravo 
in  1892  against  whooping-cough,  was  introduced  into  commerce  by 
Schimmel  4  Co.  in  1894.s  It  is  distilled  from  the  leaves  and  yonng 
branches  of  Cupreasua  aempervirens  L.  According  to  the  season  and 
the  freshness  of  the  material  the  yield  varies  from  0.6  to  1.2  p.  e. 

Properties.  Cypress  oil  is  a  yellowish  liquid,  the  odor  of  which  is 
pleasant  and  reminds  of  cypress,  but  which  after  evaporation  leaves  an 
odor  that  reminds  distinctly  of  labdanuin  and  is  ambra-Iike.  Sp.  gr. 
0,88—0.89,  «D  =  +  4  to  + 14°.  The  oil  is  soluble  in  4—5  parts  of 
90  p.  C.  alcohol.  < 

Composition.  Cypress  oil  consists  chiefly  of  terpenes,  principally  of 
d-pinene  (nitrolbenzylamine,  in.  p.  124°).  Sylvestrene  and  sesquiterpenes 
appear  also  to  be  present.  From  the  lant  runnings  a  crystalline 
substance  occasionally  separates,  which  crystallizes  from  alcohol  in  fine 
needles,  from  petroleum  ether  in  compact  crystalline  masses.  In  its 
behavior,  "cypress  camphor"  resembles  cedar  camphor  or  redrew,  from 
which  it  differs,  however,  by  being  optically  inactive.  Probably  it  is  the 
optically  inactive  modification  of  cedrol.  In  addition,  cypress  oil  con- 
tains small  amounts  of  esters. 

36.    Hlnokl  Oil. 

The  white  wood  of  the  hinoki  tree,  ChHini)#cyi>urin  obtusa  Endl. 
( Rptinospom  obtuua  Sieb.  et  Zucc.),  which  is  cultivated  in  Japan,  is 
used  in  the  construction  of  the  Shinto  temples  and  the  manufacture  of 
'  lacquered  goods.8  The  odor  of  the  oil  distilled  from  the  leaves  resembles 
that  of  the  oil  from  the  savin  or  thuja.  It  'has  a  remarkably  low 
boiling  point.  About  half  of  the  oil  distills  between  110  and  160°,  the 
other  half  between  160  and  210°.* 

i)  Bericbt  von  S.  &  Co.,  Apr.  18B2,  p.  48. 
*)  Ibidem,  Oct.  18B4,  p.  TO;  and  Apr.  IBDO.p.  22. 
■)   Rein,  Japan,  I-elpilg.  1S8S,  vol.  2,  p.  277. 
*|  Be rich t  von  S.  &  Co.,  April  18HK.  p.  44. 
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37.    Oil  of  Juniper  Berries. 
Oleum  Juniper!.  —  ff .  caolderbeercH.  —  Essenee  tie  (Jeuietre. 

Origin  and  Hibtory.  The  eeveraJ  species  of  the  genus  Juniperus  of 
the  family  Cupressiueae  are  evergreen  trees  or  shrubs.  Of  these,  Juniperus 
communis  L.  is  distributed  over  the  entire  northern  hemisphere,  whereas 
the  very  similar  Juniperus  oxycedrus  L.  is  found  wild  only  in  the 
Mediterranean  countries  east  as  far  ae  the  Caucasus  and  west  as  far  aw 
Madeira.  The  aromatic  odor  of  all  parts  of  the  juniper,  especially  of  its 
fruitH,  when  burned  has  in  all  probability  attracted  early  attention. 
It  is  also  probable  that  the  juniper  tar  oils,  obtained  by  destructive 
distillation,  were  known  and  used  previously  to  those  obtained 
by  water  distillation  from  the  wood  and  the  fruits.  Of  the  latter 
two  that  obtained  from  the  wood  seems  to  have  been  first  known  and 
used.1 

Apparently,  jnniper  was  first  used  as  a  domestic  remedy  by  the  Greeks 
and  Romans.  The  fruits  of  both  species,  which  grow  together  in  the 
Mediterranean  countries,  were  merely  distinguished  as  the  larger  and 
smaller  juniper  berries. 

The  empyreumatic  oil  obtained  by  the  dry  distillation  of  the  juniper 
wood  was  already  known  to  the  Romans,  and  was  used  for  medicinal 
purposes  during  the  middle  ages.  The  distilled  juniper  wood  oil  ib 
repeatedly  mentioned  in  the  mediaeval  treatises  on  distillation  (Deatfflir- 
bilcher),  and  is  enumerated  together  with  the  oil  from  the  fruits  in 
medical  treatises  and  price  ordinances  (Taxen)  of  the  sixteenth  century. 
The  yield  of  the  oil  from  the  fruit*  was  determined  by  Cartheuser* 
(1738),  and  Spielmaon.' 

Production.  The  distillation  of  the  berries  and  the  preparation  of 
the  extras  go  hand  in  hand.  After  the  mashed  berries  have  been 
distilled  with  water,  the  residue  in  the  still  is  extracted  with  hot  water. 
The  aqueous  liquid  is  evaporated  in  vacuum  pans  to  the  consistency  of  a 
soft  extract  and  is  brought  into  the  market  as  Soi-cun*  or  Roob  Juniperi. 
The  yield  of  both  oil  and  extract  varies  considerably  in  different  years. 
The  quality  of  the  juice  likewise  varies  considerably.  In  some  years  it 
is  so  rich  in  sugar  that  it  congeals  to  a  fairly  solid  mass. 

i)  See  p.  IS. 

si   Fundamenta  materia  medlcae,  veil.  2,  p.  840. 

s>  Ibid.,  vol.  2,  p.  272. 

«1  The  extract  obtained  In  thin  manner  doee  not  correspond  to  the  Succua  Jaulparl 
of  the  German  rharmacopuela  flnrr  nccordlnR  to  the  method  nt  preparation  o(  the 
latter  n  part  ol  the  oil  remain-  In  the  extract. 
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On  an  average  Italian  berries  yield  1 — 1.5  p.  c.  Bavarian  1—1.2  p.  c, 
Hungarian  0.8 — 1  p.  c.  of  oil.  A  smaller  yield  of  oil,  0.6—0.9  p.  c,  is 
obtained  from  East  Prussian,  Polish,  Thuringian  and  Prankish  juniper 
berries.    A  distillation  of  Swedish  berries  yielded  but  0.5  p.  c.  of  oil. 

These  data  contradict  the  opinion  expressed  by  Maier1  (1867)  that 
the  oil  content  of  juniper  berries  grown  in  northern  countries  is  greater 
than  that  of  berries  grown  in  southern  countries.  The  above  data 
indicate  the  opposite  to  be  true.  However,  the  collected  data  are  not 
sufficient  to  settle  this  question  finally. 

Fairly  considerable  quantities  of  oil  of  juniper  berries  are  brought 
into  the  market  from  the  Hungarian  "Komitat"  Trencsin.  Judging 
from  experience,  this  Hungarian  oil  is  of  minor  quality  and  not  normal 
in  composition.  It  is  probably  obtained  as  a  by-product  in  the  manu- 
facture of  gin. 

Oil  of  juniper  berries  is  used  principally  in  the  preparation  of  gin 
(Steinliager,  Gen&vre)  and  liquors,  also  to  a  limited  extent  medicinally, 
particularly  in  veterinary  practice. 

Properties.  Juniper  berry  oil  is  a  limpid  liquid,  colorless  or  slightly 
greenish.  Old  oil  is  more  viscid,  reacts  acid  and  smells  more  or  less 
rancid.  Fresh  oil  possesses  a  peculiar  terebinthinate  odor,  and  a 
balsamic,  burning,  somewhat  bitter  taste.  In  regard-  to  its  physical 
constants,  it  shows  considerable  variation  according  to  origin  and 
method  of  preparation.  The  sp.  gr.  lies  between  0.865—0.882,  and  in  a 
normal  oil  between  the  narrower  limits  of  0.867—0.875.  The  oil  is 
mostly  laevogyrate  up  to— 11°.  seldom  inactive,  now  and  then  slightly 
dextrogyrate.  In  alcohol,  particularly  in  dilute  alcohol,  it  is  but  slightly 
soluble.  To  effect  solution  8 — 10  parts  of  90  p.  c.  alcohol  are  requisite. 
With  Borne  oils  a  clear  solution  cannot  be  effected  with  90  p.  c.  alcohol 
in  any  proportion.  The  solubility  further  diminishes  with  increasing 
age.  With  chloroform,  carbon  disnlphide,  benzene  and  amyl  alcohol, 
juniper  berry  oil  is  miscible  in  all  proportions. 

The  previously  mentioned  Hungarian  oil  has  a  sp.gr.  0.862 — 0.868, 
and  is  optically  active  up  to  —18°  48'.  In  its  solubility  in  alcohol  it 
behaves  like  the  German.  So-called  extra  strong  juniper  oil,  which  is 
obtained  either  by  fractional  distillation  or  by  shaking  out  with  alcohol 
of  varying  strength,  loses  its  original  greater  solubility  within  a  short 
period. 

1}  Die  athei-ischen  Ode.  l).  102. 
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Composition.  Fraction  155—162°  contains  pinene1  (Wallach,  1885): 
fraction  260 — 275°  cadinene,  as  shown  by  the  preparation  of  the 
dihydrouhloride  melting  at  118°.*  The  fractions  between  162  and  2(H)° 
have  not  yet  been  specially  examined,  although  they  probably  contain  the 
characteristic  constituents  of  the  oil.  The  supposition  that  the  peculiar 
odor  of  the  oil  is  due  to  esters51  had  to  be  dropped  since  the  oil  retains 
it*  odor  after  saponification.  .The  amount  of  saponiflable  substances  is 
nmal),  lor  the  saponification  figures  are  very  low:  e.  g.  3.8,  8.4,  3.5,  3.7. 
Kreniel*  (1888).  however,  has  found  figures  as  high  as  7.4  and  16.4. 

Alcoholic  constituents  which  can  be  converted  into  esters  by  boiling 
with  acetic  acid  auhydride,  are  present  in  small  quantity  only.  In  three 
normal  oils  the  following  saponification  numbers  were  found  after  esteri- 
fication:  18.3,  22.5,  22.!).  Substances  containing  a  methoxyl  group 
are  likewise  not  present.  A  further  constituent  is  a  substance  obtained 
from  the  last  runnings  of  an  oil  that  had  l>een  standing  in  a  cool 
place  for  a  long  time.  It  separated  in  the  form  of  fine  needles.  After 
several  recrystallizations  from  alcohol,  fine  needle-shaped  crystals  were 
obtained  which  melted  fct  165—166°.*  Similar  crystallisations  have 
been  formerly  observed  and  have  been  described  in  older  literature5  as 
juniper  camphor,  juniper  berry  stearoptene,  juniper  berry  hydrate.8 

Adulterations  of  juniper  berry  oil  have  seldom  been  definitely 
proven,  because  a  moderate  addition  of  turpentine  oil  cannot  be 
readily  established,  since  pinene  is  a  regular  constituent  of  the  oil 
and  since  the  addition  of  turpentine  oil  but  slightly  changes  the  physical 
constants  of  the  oil.  The  addition  of  alcohol  is  ascertained  according 
to  the  method  described  on  p.  200. 

38.    Oil  from  Jnnlper  Wood. 

The  so-called  juniper  wood  oil  is  nothing  but  turpentine  oil  distilled 
from  juniper  wood  or  branches,  or  turpentine  oil  to  which  Borne  juniper 
berry  oil  has  been  added.  The  juniper  wood  oils  of  commerce  correspond 
in  their  properties  with  such  products.  They  are  used  externally  as 
domestic  remedies  or  in  veterinary  practice. 

1)  JJeblg'u  Annalea,  22T,  p.  288. 

s>  Berlcht  von  8.  A  Co.,  April.  ISttO,  p.  4B. 

9)  Pharm.  Pant.  21,  p.  82B. 

*)  or  the  older  contribution*  ns  Juniper  berry  oil  the  Following  may  here  be  men- 
tioned: Blanche!  (IBJiil).  Lltbljr's  Annalen,  T.  p.  167;  Duiiih  (1SU5),  Liebljr's  Annul™, 
15,  p.  1119;  Sonbelran  and  Capltaine  (18*01,  IJebljr'a  Annul™,  HI.  p.  821. 

•)  Blanch  rt,  loc.  clt.:  Buchner  (18331,  Itepert.  d.  Pharm.,  22.  p.  495.  From  the 
Inmi  (Relent  data  of  the  older  authors  It  doe*  not  become  apparent  whether  the;  had 
the  name  wibnt«nre  hh  Hchlmmel  &  f'o.  or  po**lbly  terpln  hydrate. 
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39.    Oil  from  the  Berries  of  Jmiiperaa  Phoenlcea. 

A  commercial  variety  of  red  juniper  berries  obtained  from  Smyrna 
and  probably  the  fruit  of  Jnniperus  phoenicea  L.,  yielded  upon  distil- 
lation 1  p.  e.  of  oil.  Its  ep.  gr.  was  0.859,  «D  =— 4°55'  at  16°.  The 
oil  corresponds  in  all  of  its  properties  with  those  of  the  oil  from 
Juniperas  communis.* 

AO.   Juniper  Oil  from  Jnniperua  Oxycedrtm. 

The  reddish-brown  berries  of  Juniperas  oxjcetirus  L.,  growing  in 
Dalmatia  and  Istria,  yield  about  1.8'  to  1.5  •  p.  c.  of  oil  which  is  quite 
terebinthinate  in  odor,  reminding  but  faintly  of  juniper.  The  sp.  gr.  of 
the  oil  is  0.851*  to  0.854;1  od  =  — 404<r*»  to  —  8°30'.fl  It  does  not 
produce  a  clear  solution  with  10  p.  of  95  p.  e.  alcohol. 

The  odor  of  the  oil  distilled  from  the  fresh  twigs  in  Spain  reminds 
of  that  of  the  finer  pine  needle  oils.8 

41.    Oil  of  Savin. 
Oleum  Sahlna*.  —  SadebaninM.  —  Essence  ile  Sabine. 

Obibim  and  History.  Savin,  Jnniperus  mbiua  L.  is  indigenous  to 
the  temperate  zones  of  the  old  world,  but  is  not  widely  distributed. 

Savin  was  used  medicinally  and  in  veterinary  practice  by  the 
Romans.  It  seems  probable  that  the  name  S&bina  has  been  derived 
from  the  mountainous  country  oF  the  Sabines  lying  to  the  north-east 
of  Rome.  Dioscorides  and  Pliny  mention  the  plant  among  those  being 
used  medicinally,  but  distinguish  between  two  varieties.  The  differences, 
however,  were  probably  those  of  source  only  and  slight  morphological 
variations.  Charlemagne  in'  the  ninth  century  mentioned  it  in  his 
C&pitulttre  and  thus  caused  its  cultivation  in  the  northern  Alps.  The 
abbess  Htldegard  of  Bingen  mentions  savin  as  a  remedy  in  her  writings ; 
it  is  also  one  of  the  77  remedies  praised  by  Otto  of  Meudon  (Macer 
Floridus).  In  England  the  tree  seems  to  have  been  cultivated  and  used 
before  the  Norman  conquest. 

<)  Berlclit  von  9.  &  Co..  Oct.  1695,  p.  4.1. 

i)  Observation  In  the  factory  of  Schiinmel  ft  Co. 

■)  Berlcht  von  8.  ft  Co..  October  1889,  p.  B4, 

Cade  oil.  which  Is  obtained  In  southern  France  by  the  dry  distillation  ol  the 
branches  and  the  wood  of  Jaalparwi  ozycedrns,  and  which  is  useri  medicinally,  la  of 
special  Interest  because  It  contain*  a  high  percentage  of  cadlnene.  This  eeeqolterpene, 
which  wan  named  by  Wallach  (Ueblx'n  Annalen.  3RB,  p.  83:  3T1,  p.  3B7j  Is  widely 
distributed  In  volatile  oils. 


»,  Google 


274  Special  Part. 

During  the  period  in  which  distilled  waters  were  in  genera)  use, 
Aqua  twb'mae  was  also  officinal  and  in  enumerated  in  the  treatises  on 
distillation  mentioned  on  pp.  23  et  sea. 

The  distilled  oil  in  first  mentioned  in  the  price  ordinance  of  FraDkfurt- 
on- the-- Main  for  1587  and  was  described  by  Begninus  at  the  close  of  the 
seventeenth  century.1  Concerning  the  yield  of  the  oil  Hoffmann  seems 
to  have  made  the  first  experiments  about  1715.2  Wedel  examined  the 
oil  in  17(17  according  to  the  methods  in  vogue  at  his  time.8  The  first 
chemical  examination  was  made  by  Dumas  in  1835.4 

Preparation.  Oil  of  savin  is  prepared  by  distillation  with  steam  of 
the  leaves  and  twigs  [Sumrnitutes  Btibinae).  The  yield  varies  between 
4  and  5  p.  c.  according  to  the  time  of  collection  and  the  freshness  of 
the  material.  The  leaves  used  for  this  purpose  come  principally  from 
Tyrol.  In  southern  France  the  oil  is  also  distilled,  but  apparently  the 
French  oil  of  the  market  is  invariably  adulterated  with  large  quantities 
of  turpentine  oil. 

Properties.  Oil  of  savin  is  a  colorless  or  yellowish  liquid  of  an 
unpleasant  narcotic  odor  and  a  bitter,  pungent,  camphor-like  taste. 
Sp.gr.O.ftlO— 0.930;  ao=  +  42to  +  G0°;  saponification  number  115—1 25. 
It  is  soluble  in  %  part  or  more  of  90  p.  c.  alcohol.  Of  80  p.  c.  alcohol. 
15—20  volumes  are  requisite,  but  a  perfectly  clear  solution  is  not 
always  effected.  The  oil  distills  between  175  and  250°  leaving  con- 
siderable residue.    Below  200°  at  most  25  p.  c.  distill  over.6 

Composition.  The  principal  constituent  is  an  alcohol,  "'sabinol", 
which  occurs  partly  free,  partly  combined  with  acetic  acid  as  ester.* 
Sabinol,  which  can  be  obtained  by  fractionation  of  the  saponified  oil, 
boils  at  210—213°  (under  20  mm.  pressure  between  105—107°).  Its 
odor  reminds  of  thujone;  the  odor  of  the  acetate  reminds  of  savin. 
Inasmuch  as  oil  of  savin  yields  a.  higher  saponification  number  after 
acetyl izati on  than  before,  a  part  of  the  alcohol  possibly  exists  in  the 
free  state.  The  acid  combined  with  sabinol  was  shown  to  be  acetic  acid 
by  the  analysis  of  the  silver  salt. 

If  the  formula  assumed  for  sabinol,  CioHisO,  is  correct,  the  saponi- 
fication numbers  115 — 125  correspond  to  a  content  of  40 — 44  p.  c.  of 
acetate.  The  amount  of  free  alcohol  in  an  oil  examined  was  about 
10  p.  c. 

i)  Tyroceynlum  cb ym leu m.  vol.  III.  p.  27.        *)  I.lsble'H  Aniinlpn,  IS.  p.  1S9. 

>)  Open  omnia.  Liber  6S.    obaervatlo  1.       *)  Pharm.  Journ..  III.  35(189111, p.  1045. 

>)  mswrtatto  de  Sablna.    Jenae  1707.  •)  Bericht  von  S.  *  Co..  Oct.  18»B.  p.  SB. 
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According  to  a  more  recent  investigation  by  Fromm,1  (1898)  the 
Formula  of  the  alcohol  is  not  CioHisO,  but  0ioHi»O.  When  pure 
it  boils  at  208—209°,  its  acetic  ester  CioHi6OCOCH8  at  222—224°.  In 
small  part  the  sabiaol  of  the  savin  oil  is  combined  with  an  acid  that 
boils  at  217°.  Oxidized  with  potassium  permanganate,  sabinol  yields 
quantitatively  tanacetogen  dicarbonic  acid,  CeH^O*,  which  melts 
at  140°. 

In  the  highest  fractions  of  savin  oil,  Wallach8  (1887)  found  cadinene, 
CisHk4.  In  addition,  it  is  probable  that  terpenes  are  present,  but 
nothing  reliable  as  to  their  nature  is  known.  From  the  results  published 
by  Dumas8  in  1835  the  conclusion  that  either  pinene  or  camphene  is 
present  might  seem  warranted.  Dumas  isolated  a  fraction  155 — 181° 
which  had  the  composition  CioHm.  Gruenling*  (1878)  obtained 
terephthalic  and  terebinic  acids  upon  oxidation  of  fraction  161°.  This 
also  indicates  pinene.  Inasmuch,  however,  as  savin  oil  does  not 
contain  any  considerable  quantities  boiling  below  175°,  and  since  it  is 
frequently  adulterated  with  turpentine  oil,  these  statements  should  be 
accepted  cautiously. 

According  to  Umney6  oil  of  savin  is  said  to  contain  a  considerable 
amount  of  polyterpenes  of  the  b.  p.  226°.  This,  however,  does  not 
seem  very  probable  since  the  boiling  point  of  the  polyterpenes  lies  in  the 
neighborhood  of  about  300°. 

The  chemists  or  Schimmel  &  Co.6  have  isolated  an  aldehyde  or  ketone 
from  fraction  220 — 250°  which,  when  regenerated  from  the  sodium  acid 
sulphite  addition  product,  possesses  an  odor  which  faintly  reminds  of  that 
of  cumin  aldehyde.  The  unstable  hydrazone  melts  at  40.45";  the  more 
stable  oxime  at  85°. 

Examination.  The  principal  adulterant  of  oil  of  savin  is  turpentine 
oil.  The  oil  distilled  in  southern  France  seems  to  enter  the  market  only 
after  the  addition  of  a  large  amount  of  turpentine  oil. 

The  addition  of  French  turpentine  oil  can  be  recognized  by  the 
lowering  of  the  sp.  gr.,  the  reduction  or  inversion  of  the  angle  of  rota- 
tion,  the  lowering  of  the  saponification  number  and  the  diminution  of  the 
solubility  in  alcohol.  Of  an  oil,  adulterated  with  turpentine  oil.  more 
than  25  p.  c.  distills  over  below  200°. 


i)  Berlcbte,  SI.  p.  202R.  —See  also    Levy    <18Bfl),     Berlchte,    IK, 

>)  Llebltt'e  Annalen.  288,  p.  82.  p.  8306. 
>)  LieblK's  Annalen,  15,  p.  159.  ")  Loc.  clt. 

*)  Brltrfige    tor  Kenutnttw    der  Ter-  i)  Berlcht  von   8.  £  Co..  Apr.    l'joo. 

pene.     Inang.   Diss.,  Straiutburji,    p.  2T.  p.  40. 
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42.    OH  of  Red  Cedar  Wood. 

Oleum  Ligui  Cedrl.— <!edernhol«Ul.— Essence  de  BoIb  de  Cedre. 

Obigin  and  Pebpakation.  The  Virginia  or  red  cedar,  Juniperus  vir- 
ginia.ua  L.,  a  shrub  or  tree  growing  as  high  as  15  m.,  in  distributed 
throughout  the  United  States  of  North  America.  Its  wood  is  used  in 
the  manufacture  of  cigar  boxes,  lead  pencils  and  small  ornaments. 
It  is  adapted  to  this  purpose  on  account  of  its  uniform  structure, 
its  mild  sandal- wood- like  odor  and  because  it  is  not  attacked  by 
insects.  * 

For  the  distillation  of  the  oil,  the  waste  from  the  lead  pencil 
manufactory  is  used,  yielding  from  2.5  to  4.5  p.  c.  The  exhausted 
chips  are  then  utilized  by  the  furriers  in  the  preparation  of  skins. 

A  very  inferior  oil  is  obtained  in  this  country  as  a  by-product  from 
the  drying  chambers  of  the  lead  pencil  factories.  These  chambers  are 
so  constructed  that  the  escaping  vapors  from  the  cedar  wood  can  be 
condensed.  In  this  case,  however,  the  high  boiling  constituents  of  the 
wood  remain  behind  and  only  the  more  volatile  constituents  are 
obtained.  As  a  result  the  oil  thus  obtained  is  more  mobile,  its  odor 
is  both  less  fine  and  less  permanent  than  that  of  the  normal,  and 
not  serviceable  for  perfumery. 

Properties.  Oil  of  cedar  wood  is  almost  colorless,  somewhat  viscid, 
and  sometimes  contains  crystals  of  cedar  camphor.  It  has  a  peculiar 
mild  but  persistent  odor.  The  inhalation  of  the  vapors  causes  the 
urine  to  acquire  a  violet  odor.  8p.  gr.  0.945—0.960;  ao  =  —  30  to  —40°; 
index  of  refraction  no  =  1.505  at  17°.  In  alcohol  it  is  rather  difficultly 
soluble,  for  1  p.  of  oil  requires  10—20  p.  of  90  p.  c.  alcohol  to  effect 
solution. 

Composition.  The  most  interesting  constituent  of  cedar  wood  oil, 
the  so-called  cedar  camphor,  was  first  examined  by  Walter1  (18411. 
He  describes  the  oil  as  a  soft,  slightly  reddish  mass,  permeated  with 
crystals.  The  camphor,  purified  by  expression  and  by  recrystallisation 
from  alcohol,  melted  at  74°  and  boiled  at  282°.  By  the  action  of 
phosphoric  acid  anhydride,  Walter  obtained  from  it  the  hydrocarbon 
cedrene,  which  boiled  at  237°.  The  formula,  CiaHasO,  assigned  to 
cedar  camphor  by  Walter,  was  declared  improbable  by  Gerhardt,2  who 
augmented  CisHnnO,  the  correctness  of  which  was  verified  by  more  recent 
in  vestigati  oi  is. 

n  LleblK'x  ADDHlen,  811,  p.  24T.  >)  Lehrbuch  d.  one.  Cbemie,  vol.  4,  p.  878. 
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The  liquid  constituents  were  examined  by  Chapman  and  Burgess.1 
By  fractional  distillation  of  the  oil,  they  prepared  cedrene  (b.  p.  261— 
262°;  ep.  gr.  0.8859;  «d  =  —  60°)  and  compared  it  with  the  hydro- 
■  carbon  obtained  by  the  dehydration  of  fraction  301—306°  of  sandal 
wood  oil,  which  according  to  the  opinion  of  Chapoteaut*  (1882)  was 
identical  with  the  former.  Chapman  and  Burgess,  however,  came 
to  the  conclusion  that  both  hydrocarbons  were  very  similar  but  not 
identical. 

In  a  recently  conducted  investigation  of  cedarwood  oil,  Roiraset* 
(1897)  obtained  the  following  results:  cedrene  (obtained  by  fractional 
distillation  of  the  volatile  oil)  is  a  sesquiterpene,  Cmllsi,  and  boils 
under  10  mm.  pressure  at  131—132°;  [<*]d  =  —  47°  54'.  Attempts  to 
establish  the  number  of  double  bonds  in  the  molecule,  by  the  addition 
of  hydrogen  chloride  and  hydrogen  bromide,  failed  on  account  of  the 
lack  of  stability  of  the  addition  products.  Upon  oxidation  of  cedrene 
with  chromic  acid  in  glacial  acetic  acid,  a  liquid  ketone,  cedrone,  results 
which  boils  at  147 — 151°  nnder  7.5  mm.  pressure.  It  has  the  com- 
position CiisHa*(>  and  upon  reduction  is  converted  into  the  alcohol  iso- 
cedrol,  isomeric  with  the  cedar  camphor  or  cedrol  (m.  p.  84°).  When 
heated  with  acetic  acid  anhydride  in  a  sealed  tube,  only  a  part  of  the 
cedrol  is  converted  into  the  acetic  ester,  another  part  in  dehydrated 
yielding  a  sesquiterpene.  Treated  with  benzoyl  chloride,  no  ester  is 
obtained  but  only  the  hydrocarbon  C15H2*.  Inasmuch  as  neither 
aldehyde  nor  ketone  result  upon  oxidation,  cedrol  is  to  be  regarded  as 
a  tertiary  alcohol. 

On  account  of  the  readiness  with  which  cedrol  loses  a  molecule  of 
water,  its  quantitative  estimation  by  means  of  acetylization  is  impossible. 
A  stronger  dehydrating  agent  than  acetic  acid  is  formic  acid,  with  the 
aid  of  which  cedrol  can  be  quantitatively  converted  into  the  hydro- 
carbon in  the  cold.*  The  latter  boils  at  262—263°  and  is  strongly 
optically  active,  «i>  —  —  80°.  It  has,  therefore,  almost  the  same  boiling 
point  as  the  natural  cedrene  from  the  oil  and  is  probably  identical 
with  it. 

Cedrol  is  not  always  contained  in  cedar  wood  oil.  After  having 
looked  For  this  substance  for  years  in  vain  in  the  laboratory  of  Schimmel 
&  Co.,  it  has  recently  been  observed  more  frequently.  The  cause  for 
this  peculiar  phenomenon  has  not  yet  been  ascertained. 

I)   Pro*.  Clmm.  Soe.  1896,  p.  140.  *l  Observation  made  In  the  Laboratory 

•)  Ball.  Hoe.  chlm.,  II.,  87,  p.  80S.  of  Schimmel  A  Co. 

«>  Bull.  Soc.  chlm..  III..  IT,  p.  485. 
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Examination.  Adulterations  of  cedarwood  oil  have  not  yet  been 
observed.  This  cheap  oil,  however,  is  frequently  used  for  the  adulteration 
of  other  oils,  for  which  purpose  it  is  well  adapted  on  account  of  its  feeble 
odor.  It  can  be  recognized  by  its  high  ap.  gr.,  its  high  boiling  point,  its 
strong  laevorotation,  and  by  its  slight  solubility  in  alcohol. 

43.    Oil  ot  Cedar  Leaves. 

Olenin  Folloriini  Cedri.  —  Cedernbl&tterSI.  —  Essence  des  Fealties  tie  Cedre. 

According  to  the  observations  made  in  the  Inboratory  of  Fritzsche 
Bros.,1  the  oil  ot  cedar  leaves  of  American  commerce  is  never  what  it 
ought  to  be.  namely  the  oil  from  the  leaves  of  Juniperus  virginiunu  L. 
This  is  partly  due  to  the  fact  that  the  name  cedar  is  applied  in  this 
country  to  two  totally  different  trees,  viz.  Juniperus  virginianu  and 
Thuja  occidentnliB.  It  is  true,  a  distinction  between  them  as  red  and 
white  cedar  is  generally  made,  but  the  distillers  of  the  oil  evidently  pay 
little  or  no  attention  to  it.  They  not  only  use  the  leaves  of  both  species 
indiscriminately,  but  also  those  of  other  conifers.  It  is  not  surprising. 
therefore,  that,  the  cedar  leaf  oils  of  commerce  vary  considerably  in  their 
properties. 

The  specific  gravities  of  a  number  of  commercial  oils  varied  from 
0.868  to  0.920,  the  optical  rotation  from  —3° 40'  to  — 24°10'.  Some 
of  these  oils  were  soluble  in  4  or  5  vols,  of  70  p.  c.  alcohol,  others  not. 
All  of  these  oils  had  a  more  or  less  thuja-like  odor. 

Genuine  cedar  leaf  oil  seems  to  have  been  distilled  but  once.2  The 
yield  was  0.2  p.  c.  This  oil  had  the  following  properties : 8  Bp.gr.  0.887 ; 
aD  =  +  5&°25';  insoluble  in  lOparts  of  80  p.  c.  alcohol.  The  odor  was 
pleasant,  somewhat  sweetish.  Upon  fractional  distillation  most  of  the 
oil  distilled  below  180°,  of  this  the  greater  part  between  173°— 176°. 
The  sp.  frr.  of  this  fraction  was  0.847;  optical  rotation  +89°  (at  20° 
in  a  100  mm.  tube).  Upon  bromination  it  yielded  a  tetrabromide  melt- 
ing at  104 — 105°.  This  fraction,  therefore,  consisted  almost  entirety  of 
d-limouene.  Of  the  lower  fractions  but  small  quantities  supposed  to 
contain  pinene  were  obtained.  Although  a  nitrosochloride  was  success- 
fully prepared,  no  crystalline  piperidine  and  benzylamine  bases  could  be 
obtained.  Possibly,  as  seems  to  be  the  case  with  lemon  oil,  there  are 
here  terpenes,  closely  related  to  those  already  known,  but  which  have 
not  yet  l«en  definitely  characterized. 

■»8'.  p,  18. 

_  .on.    Comp.  Berlcht  von  S.  *  Co.,  Apr.  18»4,  p.  06. 

n  8.  *  Co.,  Apr.  lH'JH,  p.  IK. 
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The  fractions  boiling  higher  than  limonene  were  treated  with  alcoholic 
potassa  because  they  contained  small  amounts  of  saponiflable  substances 
(saponification  number  of  the  original  oil  10.9,  of  the  acetylized  36.1). 
The  acids  thus  obtained  yielded  a  silver  salt  corresponding  with  silver 
valerianate  upon  analysis.  The  acid-free  oil  then  yielded  upon  distilla- 
tion under  diminished  pressure  a  fraction  which  under  ordinary  pressure 
boiled  at  210 — 215°.  Upon  cooling,  this  congealed  to  a  crystalline  mass 
which  upon  expression  and  sublimation  revealed  itself  as  borneol  melting 
at  203—204''.  In  the  highest  fractions  cadinene  could  be  readily  identi- 
fied by  means  of  its  characteristic  hydrochloride. 

Genuine  cedar  leaf  oil,  therefore,  consists  principally  of  limonene 
with  cadinene,  and  some  borneol,  also  small  amounts  of  boniyl  esters. 

44.    Lebanon  Cedar  Oil. 

Origin  and  History.  Whether  cedar  wood  was  distilled  in  antiquity 
or  not  does  not  become  apparent  from  the  statements  by  Dioscorides 
and  other  writers.  Dioscorides '  mentions  as  medicinal  plants  a  number 
of  pinus  species,  among  them  apparently  also  the  cedar  of  Lebanon. 
The  Cedrue  iibani  Barr.  iPinua  cedrus  L..  Abies  eedniB  Poir,  Lariz 
cedrutt  Mill.)  was  considered  during  antiquity  as  one  of  the  noblest 
trees.  As  such,  and  on  account  of  its  durable  wood,  it  is  often 
mentioned  in  the  books  of  the  Old  Testament. 

Upon  distillation,  the  comminuted  wood  yields  2.9  p.  c.  of  oil.9 
Properties.     The  yellowish-brown  oil  has    a   very    pleasant   cedar 
odor  and  might  find  practical  application  if  a  sufficient  quantity  of  the 
wood  were  to  be  had  cheap.    Sp.  gr.  0.985;  »d  =  —  10°48'.2 

4-5.  PandanoB  Oil. 
Tn  India,  Arabia  and  Persia,  the  flowers  of  P&ndanus  odomtissimua 
L.  (Fam.  PandMi>Hcene)  are  highly  esteemed  on  account  of  their  fragrance 
and  their  supposed  medical  virtue.8  The  Mohammedan  physicians  use  the 
aqueous  decoction  of  the  bruised  stems  against  various  diseases. 
Among  the  Hindoos,  the  aqueous  distillate  of  the  flowers  is  used  as  a 
preventive  against  small-pox.  If  the  distilled  water  is  to  be  used 
as  a  perfume,  it  is  sometimes  prepared  with  rose  water  and  the  addition 
of  sandal  wood  oil.    An  odoriferous  fatty  oil,  made  by  maceration  of 

i)  Dp  mat.  med.     Edltlo  KBhn-Sp  rennet ,  Vol.  1,  pp.  98,  140,  880. 

i)  Berlcht  von  S.  &  Co.,  Apr.  1892,  p.  41. 

>}  D.vmock,  WftrdeD  anil  Hooper,  PharmaconrapMa  I  ad  lea,    Purt.  VI,  p.  B85. 
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the  flowers  with  sesame  oil,  is  also  much  used.  According  to  Holmes1 
(1880)  the  volatile  oil  has  a  very  pleasant,  decidedly  honey-like  odor. 
Concerning  the  other  properties  of  the  oil  nothing  is  known. 

Andropogon  Oils. 

Oriqin  and  History.  The  genus  Andropogon  of  the  family  Gra- 
minea.6  is  distributed  well-nigh  over  all  parts  of  the  globe.  A  number  of 
species,  which  are  indigenous  particularly  to  the  East  Indies,  the  islands 
of  the  Indian  Archipelago  and  northern  Africa,  are  odoriferous  on 
account,  of  the  volatile  oil  they  contain.  The  oils  distilled  within  recent 
periods  from  these  grasses,  some  of  which  are  being  cultivated,  are : 
palmarosa  or  rusa  oil,  also  known  as  Indian  geranium  oil ;  citronella 
oil;  lemon-grass  or  Indian  verbena  oil;  and  vetiver  oil. 

These  aromatic  grasses  have  been  used  on  account  of  their  fragrance 
for  various  purposes  during  antiquity:  for  the  aromatization  of  wine; 
also  of  earthenware  wine  cups,  the  so-called  Rhodiiui  cups;  in  the 
preparation  of  ointments  and  oils;  an  incense  in  religious  rites;  and 
as  couches  during  festivities.  In  Sanskrit  writings,  in  the  Old  Testament, 
and  in  other  documents  of  antiquity,  these  grasses  are  referred  to  under 
various  names.  The  spices  and  annotating  oils  mentioned  in  the  biblical 
translations  and  other  ancient  writings  as  n&rde,  atakte,  achonua,  etc.. 
apparently  have  been  used  synonomously  for  the  fragrant  andropogon 
grasses  and  their  roots.  Of  these,  it  may  be  supposed  that  Andropogon 
luniger  Desf.  was  the  best  known  and  most  used  during  antiquity, 
inasmuch  as  it  was  more  widely  distributed  throughout  northern  India, 
Thibet,  Persia  and  Arabia  as  far  as  Egypt,  Nubia  and  Ethiopia  than 
the  other  species.  Originally,  however,  and  again  in  more  modern 
times,  the  term  narde  was  applied  only  to  the  aromatic  root  of  the 
valerianaceous  Nardoatachys  jatam&nai  D.  (.'.,  indigenous  to  the  Hima- 
layas of  northern  India,  perhaps  also  to  Valeriana  celticn  L.  indigenous 
to  the  European  Alps. 

The  Greek  and  Roman  writers  possibly  referred  to  the  same 
aromatic  andropogon  species  when  they  used  the  words  £oirot  or  o^o^-os, 
also  juncuti.  In  the  Occident  they  apparently  have  never  been  cultivated 
nor  introduced  in  the  dried  condition. 

The  first  mention  of  andropogon  grasses  by  European  travelers  is 
to  be  found  in  the  works  of  Garcia  da  Orta,  van  Rheede  tot  Draaken- 
stein,— who  was  governor  of  the   Dutch    East-India   company  on   the 

i)  fbHrm.  Journ..  III.  10,  p.  085. 
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Malabar  coast  about  the  middle  of  the  seventeenth  century,— and  of 
Q.  E.  Rump!  (Rumphius,  also  PUnius  indicus),  Dutch  governor  in 
Amboyna  during  the  second  half  of  the  seventeenth  century.  The  first 
sample  of  a  distilled  andropogon  oil,  a  lemon-grass  oil,  is  said  to  have 
been  brought  to  Europe  from  the  Moluccas  in  1717.  However,  the 
distillation  of  these  oils  on  a. large  scale  and  their  introduction  into  the 
commerce  of  the  world  and  into  industry  apparently  first  began  in 
1820.  In  this  year  the  botanist  William  Roxburgh,  who  was  Director 
of  the  Botanical  Garden  at  Calcutta  for  a  long  time,  mentions  lemon- 
grass  oil  as  coming  from  the  Moluccas.1  In  1832  the  first  large  assign- 
ment was  received  in  London.  Since  then,  it,  as  well  as  the  palmarosa 
oil  and  somewhat  later  citronella  oil,  have  been  finding  increased 
application  in'perfumery  and  especially  in  the  soap  industry.  Ab  a 
result  of  the  ever  increasing  demand,  the  cultivation  of  these  aromatic 
grasses,  especially  of  the  citronella  grasses  in  Ceylon,  has  increased 
considerably  so  that  these  oils  are  now  exported  in  large  quantities. 

Besides  Asia  and  Africa,  several  aromatic  andropogon  species  thrive 
in  Central  and  South  America,  on  the  West  Indies  and  in  Australia. 
With  the  increasing  consumption  of  these  oils  in  the  soap  industry, 
these  countries  as  well  as  Italy  may  become  producers  in  the  course  of 
time.  Already  samples  of  lemon-grass  oil  from  southern  Brazil  have 
been  sent  to  Europe.* 

46.    Palmarosa  (Eaat  Indian  Geranium)  Oil. 

Olein  FalnunMM  sea  Gerull  Indlran.— Palmarosaol.—  Essence  de  GeranluM 

des  lodes. 

Origin  and  Production.  Palmarosa  oil,  also  known  as  Indian 
grass  oil.  rusa  oil,  Indian  or  Turkish  geranium  oil,  is  the  oil  from 
the  leaves  of  Andropogon  schoenantbns  L.  (Family  Gramineao).  This 
plant  is  widely  distributed  in  India  proper  and  is  also  frequently  found 
in  tropical  West  Africa.8  The  designation  Turkish  geranium  oil,  which, 
on  account  of  its  incorrectness,  has  now  quite  generally  been  dropped, 
has  come  down  to  us  from  a  time  when  the  oil  entered  the  European 
market  via  Constantinople.  From  Bombay  it  was  shipped  to  the  ports 
of  the  Red  Sea,  and  thence  wan  conveyed  over  the  land  route  through 
Arabia  to  Constantinople.  After  having  been  treated  in  a  special  man- 
ner, it  was  here  used  on  a  large  scale  for  the  adulteration  of  rose  oil. 

.  380.  >)  Berlcht«  d.  phnrm.  0«a„  7,  p.  001. 
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The  preparation  of  the  oil  is  described  in  the  Pbarmacographia 
indica  of  Dymoek.  Warden  and  Hooper1  in  the  following  manner: 
"The  oil  distillers  in  Khandesh3  tall  the  grasa  Motiya,  when  the  in- 
florescence is  young  and  of  a  bluish-white  color;  after  it  has  ripened 
and  become  red,  it  is  called  Sonflya.  The  oil  obtained  from  it  in  the 
first  condition  has  a  more  delicate  odor  tjhan  that  obtained  from  the 
ripened  grass.  The  Motiya  oil  is  usually  mixed  with  the  second  kind, 
which  by  itself  would  not  fetch  a  good  price  in  the  European  market. 
The  grass  grows  freely,  though  not  very  widely,  on  open  hillsides  in 
West  Khandesh,  especially  in  Akrani.  The  makers  are  Mussulmans, 
who,  at  the  close  of  tbe  rains,  about  September,  when  the  grass  is 
ripening,  buy  it  from  the  Bhils,  stack  it,  and  set  furnaces  at  the  sides 
of  brooks  where  wood  and  water  are  plentiful.  A  large"  pit,  four  feet 
long  by  two  wide  and  two  and  a  half  deep,  is  dug,  and  a  furnace  (chain) 
prepared.  Over  this  furnace  is  placed  a  copper  or  iron  caldron,  large 
enough  to  hold  from  30  to  ~>Q  pots  of  water.  After  pouring  in  some 
water,  the  caldron  is  filled  to  the  brim  with  chopped  grass,  and  a  little 
more  water  is  added.  The  mouth  of  the  caldron  is  carefully  closed  with 
an  iron  or  copper  plate,  made  fast  with  wheat  dough.  From  a  hole  in 
this  lid,  a  bamboo  tube,  wrapped  in  a  piece  of  cloth,  plastered  with  the 
flour  of  Utlid  [phaseolus  miingo,  Linn.,  black  var.),  and  bound  with 
ropes,  passes  into  a  second  closed  caldron,  sunk  to  the  neck  in  running 
water.  The  steam  from  the  grass  is  condensed  in  the  second  caldron, 
which,  when  full,  begins  to  shake.  The  tube  is  then  skillfully  removed, 
and  the  contents  of  the  caldron  poured  into  a  third  similar  vessel  and 
stirred.  Then  the  oil  begins  to  appear  on  the  surface,  and  is  slowly 
skimmed  off.  The  distillate  is  returned  with  fresh  grass  to  the  still." 
The  yield  amounts  to  about  0.8—0.4  p.  c. 

Composition.  The  older  statements  concerning  the  botanical  origin 
and  physical  properties  of  palmarosa  or  Indian  grass  oil  are  so  contra- 
dictory that  it  seems  doubtful  as  to  whether  the  authors  l-eally  had 
palmarosa  oil.* 


i)  Part.  VI,  p.  55S:  comp.  Archlv  d.  Pharm.,  284.  p.  821. 

>)  Bombay  presidency. 

»)  H  ten  house  (Ueblg's  Annalen,  SO.  n.  157)  In  1844  reports  on  an  Investigation  ol 
East  Indian  grass  oil  from  Aadropognn  Irarancuaa,  the  odor  ot  which  resembled  that 
ol  rose  oil,  the  taste  that  or  oil  of  lemon.  Upon  distillation  It  yielded  a  hydrocarbon. 
CioHis.  boiling  at  170°.  It  may  be  assumed  with  some  degree  of  certainty  that  this 
Brass  oil  was  not  palmarosa  oil,  but  cltronella  oil  from  Andropiigvn  nardoa  L.,  some- 
times also  designated  Andropogon  Iv&rancusa  limb.;  lor  cltronella  oil  contains  a 
terpens  boiling  at  1  SO',  vii.  camphenc,  whereas  palmarosa  oil  does  not  contain  sneb 
low  boiling  constituents. 

(lladstone  (Jo  urn.  Chem.  Roc.,  IT.  p.  t;    .lahresb.  f.  Chem.,  1868,  p.  048)  describes 
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The  first  examination  with  unobjectionable  mnterial  wan  carried  out 
by  Jacobaen1  in  1871.  He  established  the  fact  that  the  principal  con- 
stituent of  the  oil  is  an  alcohol,  CioHisO.  boiling  at  232—238°,  to 
which  he  gave  the  name  geraniol.  He  further  discovered  the  calcium 
chloride  compound  of  geraniol,  which  is  readily  decomposed  into  its 
components  by  water,  and  which  has  become  of  such  great  importance 
in  the  purification  of  this  alcohol.  Semmler2  later  (1890)  verified  the 
correctness  of  the  formula  CioHisO  and  recognized  geraniol  as  belonging 
to  the  unsaturated  chain  compounds.  Geraniol  thus  became  the  first 
representative  of  a  new  and  important  class  of  constituents  of  volatile 
oils  designated  as  aliphatic  terpene  alcohols. 

The  amount  of  geraniol  in  palmarosa  oil  varies  from  76 — 93  p.  e. 
Of  this  the  greater  portion  exists  in  the  free  state,  and  about  5.5—11 
p.  c.  are  present  as  ester.  The  acids  of  the  ester  content  of  the  oil  are, 
as  was  shown  by  Gildemeister  and  Stephana  (1890),  approximately  like 
parts  of  acetic  and  normal  capronic  acids.  Acetic  acid  was  identified 
by  means  of  its  silver  salt  (calculated:  64.69  p.  c.  Ag. :  found:  64.54 
p.  c.  and  64.37  p.  c.  Ag.).  The  capronic  acid  isolated  from  palmarosa 
oil  boils  at  205—21)6°,  has  a  sp.  gr.  of  0.935  at  15°,  is  optically  inactive 
and,  therefore,  identical  with  normal  capronic  acid.  (Analysis  of  silver 
salt:  calculated:  48.43  p.  c.  Ag. ;  found:   48.24—48.55  p.  c.  Ag.) 

Of  terpenes  but  a  small  amount  is  present  in  palmarosa  oil,  viz.  about 
1  p.  c.  of  dipentene  (tetrabromide,  m.  p.  125°;  nitrolbenzyl amine,  m.  p. 
109—110°).  Judging  from  the  odor  of  the  oil.  traces  of  methyl  heptenone 
are  also  present. 

Besides  geraniol,  Flatau  and  Labb£*  claim  to  have  found  a  second 
alcohol,  viz.  citronellol.  Their  method  of  separation  of  these  two  alcohols 
is  us  follows : 

The  oil  is  first  saponified  and  the  saponified  product  distilled  under 
diminished  pressure.  Fraction  120— 140°,  under  30  mm.  pressure,  is  boiled 
with  an  equal  weight  of  phthalic  acid  anhydride  and  an  equal  volume  of  ben- 
zene for  an  hour  in  a  flask  connected  with  a  reflux  condenser.  Soda  is  then 
added,  the  product  of  reaction  dissolved  in  water,  and  the  solution  extracted  with 
ether.  Hydrochloric  acid  is  Anally  added  whereby  the  acid  phthalic  acid  esters 
of  geraniol  and  citronellol  are  liberated. 

an  Indian  geranium  oil.  gp.  gr.  0.948  at 
leant  Indian  gram  oil  from  Andropogoa  Iv 
nnt  become  apparent  from  the  Ht  ate  intuitu 

i|  Llebig'H  Annalen,  1.17,  p.  282. 

J)  Berlchte,  28.  p.  IOCS. 

>)  Arclilv  der  Phar..  284,  p.  H21. 

*)  r«mpt.  rend.,  128.  p.  172S;  Bull.  Roc.  cMni..  Ill,  19.  p. 
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These  titers  are  now  dissolved  in  I  i  groin  and  the  solution  cooled  down  to 
—5°.  At  this  temperature  it  ja  said  that  the  geranyl  ester  crystallizes  out 
quantitatively  whereas  the  citrouelljl  ester  remains  in  solation.  The  isolated 
acid  esters  are  saponified  with  alcoholic  potassa  and  the  free  alcohols  purified 
by  recti fl c n, (■  ion. 

In  this  manner  Flatau  and  Labbe"  claim  to  have  demonstrated  the 
presence  of  63  p.  c,  of  geraniol  and  17  p.  c.  of  citronellol  in  palmarosa  oil. 
A  repetition  of  this  experiment  in  the  Laboratory  of  Schimmel  &  Co.1 
has  revealed  the  fact  that  the  liquid  ester  regarded  as  the  acid  citronellyl 
phthalic  acid  ester  was  also'  fairly  pure  geranyl  ester  as  was  shown  by 
the  calcium  chloride  compound  of  the  alcohol  obtained  by  saponification. 
If  citronellol  is  contained  in  palmarosa  oil,  the  proof  for  which  may  be 
considered  to  be  still  wanting,  it  can  be  present  in  traces  only. 

A  second  statement  by  the  same  chemists  appears  to  be  based  on 
a  similar  weak  foundation.  Flatau  and  Labbe"  *  have  claimed  that 
palmarosa  oil  contains  a  saturated  fatty  acid  CmHssOs,  m.  p.  28°. 
According  to  the  investigations  of  Schimmel  &  Co.,8  pure  palmarosa  oil 
does  not  contain  such  an  acid.  The  observation  of  the  French  chemists 
may  possibly  be  referred  to  the  presence  of  cocoa  nut  oil  or  some  other 
fatty  oil  which  had  been  added  as  adulterant. 

Properties.  Palmarosa  oil  is  colorless  or  light  yellow,  and  has  a 
pleasant  odor  reminding  of  roses.  The  optical  rotation  varies,  some 
oils  being  slightly  dextrogyrate,  others  slightly  laevogyrate,  still  other* 
inactive.  Angles  of  rotation  varying  from  +1°41'  to  — 1°55'  have 
been  observed. 

It  is  soluble  in  8  or  more  parts  of  70  p.  c.  alcohol.  The  saponifi- 
cation number  lies  between  20  and  40.  After  acetyliiation  the  saponifi- 
cation number  lies  between  230  and  270.  Jeancard  and'  Satic*  have 
recently  observed  that  the  amount  of  free  acid  increases  if  the  oil  is 
kept  in  partly  filled  containers.' 

Examination.  Palmarosa  oil  is  frequently  adulterated.  The  follow- 
ing adulterants  have  been  found:  gurjun  balsam  oil,  cedar  wood  oil,  turpen- 
tine oil,  petroleum  (kerosene,  paraffin  oil)  and  cocoa  nut  oil.8  They  are 
all  indicated  by  their  solubility  in  70  p.  c.  alcohol.  Oils  adulterated  with 
cocoa  nut  oil  solidify  when  exposed  to  the  temperature  of  a  freezing 
mixture.    Petroleum  and  turpentine  oil  lower  the  sp.  gr.,  whereas  fatty 

>>  Berlcht  rou  S.'ft  Co.,  Oct.  1898.  p.  B7. 

>)  Compt.  rend.,  126,  n.  1736. 

•  )  Berlcht  von  8.  &  Co..  Oct.  1B9H,  p.  -M. 

*]  Bull.  Sot.  Chlm.,  III.  128,  p.  K7.    Comp.  also  Bcrtriit  von  S.  A  Co.,  Apr.  1900,  p.  36. 

■}  Brrlcht  von  8.  A  Co..  Apr.  18S8,  p.  22;  Apr.  1SS9,  p.  90;  Oct.  1890.  p.  98. 
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oils  raise  it.  In  doubtful  cases  it  is  well  to  resort  to  an  acetyl izat.i on. 
Oils  with  less  than  75  p.  c.  total  geraniol  content  are  to  be  rejected. 

Production  and  Commerce.  For  the  last  20  years  Bombay  has 
been  the  principal  center  and  port  (if  exportation,  whereas  formerly  almost 
the  entire  output  was  taken  by  caravans  over  land  from  East  India  to 
Cairo  and  Constantinople.  From  these  places  it  was  distributed  to  the 
brokers. 

The  oil  is  distilled  in  the  Kliandesh  district  northeast  of  Bombay. 
Pimpalner,  Akrani,  Nandurbar,  Shahada  and  Taloda  are  the  principal 
places  of  production.  In  skins  it  is  conveyed  on  the  bullock's  back  over 
the  Kundaibari  pass  to  Surat .  and  by  Dhulia  and  Manmad  to  Bombay. 
Here  it  is  transferred  to  large  tinned  copper  vessels  of  100  to  200  lbs. 
capacity.  These  are  not  boxed,  but  surrounded  by  a  network  of  ropes 
for  the  purpose  of  more  easy  handling. 

In  1879  the  total  production  was  estimated  at  3,600  k.  Since  then 
it  has  risen  enormously  and  may  amount  to  about  20,000  k.  at  present. 

47.    Ginger-grass  Oil. 

Ginger-grass  oil  is  an  inferior  quality  of  palmarosa  oil,  or  a  mixture 
of  the  latter  with  much  (up  to  90  p.  c.)  turpentine  oil  or  mineral  oils. 

Occasionally  other  grasses  are  also  used  in  the  distillation  (Andro- 
pogon  laniger?),  for  some  ginger-grass  oils  possess  a  phellandrene-like 
odor  which  is  entirely  wanting  in  the  palmarosa  oil.  Such  an  oil  had 
the  sp.  gr.  0.897,  <id  =  —  2°  8'  and  was  soluble  in  70  p.  c.  alcohol.  It* 
petroleum  ether  solution  gave  a  faint  phellandrene  reaction  with  sodium 
nitrite  and  glacial  acetic  acid  (Oildemeister  &  Stephan,1  1896). 

+8.    Lemon-grass  Oil. 

Oleum  Andr«p«ir»nls  Cltnrti.— LemonfrmBOL— Essence  de  Lemon  grass.  Essence 
ue  Terrelne  des  lodes. 
Origin  and  Preparation.  Lemon-grass,  Andropogon  chrutus  D.  C.. 
which  is  cultivated  all  over  India,  is  used,  in  the  form  of  an  infusion, 
both  internally  and  externally  against  all  possible  diseases.  The  oil, 
which  is  officinal  in  the  Pharmacopoeia  of  India,  is  especially  esteemed 
by  the  Hindoos  as  a  remedy  against  cholera.  For  the  production  of  the 
oil,  the  grass  is  cultivated  on  a  large  scale  only  on  the  Malabar  coast 
in  Travancore  on  the  western  slope  of  the  mountains,  north  of  Ajengo. 
The  distillation   is  conducted   in   a   primitive  manner  in  plain  stills.3 

I)  Arcbiv  d.  Pharm..  284.  p.  H-JAi.  ■)  Pharmacographla  tndka.  Part  VI.  p.  064. 
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Lemon-grass  oil  is  also  distilled  near  Singapore  and  in  Ceylon.  Andro- 
pogon  citratus  is  also  cultivated  in  S.  Thome*,  where  oil  hat*  been 
distilled  experimentally1  (1897).  In  Brazil  (Porto  Alegre)  an  attempt 
to  produce  the  oil  has  also  been  made. 2 

Composition.  Nothing  about  the  chemical  composition  of  lemon- 
grass  oil  was  known  until  1888  when  citral,  an  aldehyde  CinHmO 
possessing  a  strong  lemon-like  odor,  was  recognized  as  the  principal 
constituent  in  the  laboratory  of  Schimmel  &  Co.M  Two  years  later 
Dodge4  described  this  substance  as  citriodoric  aldehyde.  He,  however, 
did  not  have  the  aldehyde  in  a  pure  state  inasmuch  as  he  describes  it 
as  slightly  dextrogyrate,  boiling  at  22***°.  Pure  citral  is  inactive  and 
boils  between  228°  and  22»°. 

Inasmuch  as  Barbier  and  Bouveault  **  obtained  three  semicarbazones  * 
by  the  action  of  semicarbazide  on  lemon-grass  oil,  melting  resp.  at 
171°.  160°  and  135°,  they  propounded  the  hypothesis  that  the  citral 
from  lemon-grass  consists  of  three  isomeric  aldehydes.  Since  semicarba- 
zones of  the  same  substance  frequently  occur  in  different  modifications, 
which  are  distinguished  by  their  melting  points,  solubility,  and  behavior 
toward  acids,  it  must  be  considered  in  this  case — as  was,  in  fact,  proven 
by  Tiemann  T— that  there  are  no  isomeric  aldehydes  but  isomeric  semi- 
carbazones.   Flatau8  arrived  at  a  like  conclusion. 

W.  StiehlB  also  assumes  the  presence  of  three  isomeric  aldehydes 
CioHiaO  in  lemon-grass  oil:  of  citral  (geranial),  10  p.  e.;  citriodoric 
aldehyde,  40— 50  p.  c;  and  of  allolemonal  25—30  p.  c.  Judging  from 
the  method  of  preparation  this  citriodoric  aldehyde,  according  to 
Schimmel  &  Co.,10  corresponds  to  the  citral  of  commerce.  Inasmuch  as 
Semmler"  (1801)  has  shown  that  this  is  identical  with  the  geranial 
from  geraniol,  citral  and  the  citriodoric  aldehyde  of  Stiehl  may  be 
regarded  as  identical. 


i)  tier.  d.  ptmriii.  Gen.,  7,  up.  858,  001:  8,  p.  28. 

"I  Beru-ht  von  8.  *  Co.,  Apr.  1H98,  p.  OS. 

*)  Berlrht  von  S.  ft  Co..  Oct.  ISBN,  p.  17. 

*1  Amer.  ch«in.  Journ.,  12,  p.  .->."..■!. 

*)  Compt..  rentl.,  121  (1895),  p.  1159. 

•  I  The  formation  of  dilTerent  ■emlcarbiiionm  from 
Wallach  (1HU5).  Berlchte.  2S,  p.  1957:  romp,  also  Tien 
p.  21HS  and  Tiemann.  Berlchte.  91,  p.  821. 

7)  Berlchte.  83,  p.  115. 

»)  Boll.  Hoc  Chlin..  III.  21,  p.  138. 

•)  Journ.  f.  prakt.  Chen).,  II,  58,  p.  51. 
i")  Bericht  von  S.  *  Co..  Oct.  1898,  p.  «fl. 
II)  Brrlchte,  24,  p.  208;  81.  p.  8001. 
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Neither  lias  Stiehl's  third  aldehyde  stood  the  test  of  criticism. 
Doebner1  (1898}  found  that  Stiehl'ti  allolemonal  consists  of  about 
equal  parts  of  citral  and  a  non-aldehyde  substance. 

From  the  exhaustive  investigations  of  Tiemanna  (1898)  which  can 
merely  be  referred  to  here,  it  becomes  well  nigh  certain  tliat  the  bulk  of 
lemon-grass  oil  consists  of  citral.  Besides  citral,  it  contains  traces  of 
citronetlal  and  possibly  also  of  an  isomer  of  citral  (Doebner,8  1898). 

In  the  first  fraction  of  lemon-grass  oil  Barbier  and  Bouveault4 
(1894)  found  methyl  lieptenone.  Inasmuch  as  they  could  not  obtain 
hydro-m- xylene  by  means  of  zinc  chloride,  nor  a  solid  bromide  upon 
the  addition  of  bromine,  they  declared  this  methyl  heptenone  different 
from  the  one  obtained  by  Wallachs  from  eiiieolic  acid. 

However,  according  to  Schimmel  &  Co."  the  methyl  heptenone 
obtained  from  lemon-grass  oil  is  identical  with  that  obtained  by 
Wallach.  The  methyl  heptenone  regenerated  from  the  bisulphite  com- 
pound from  lemon-grass  oil  boils  at  178—174°,  sp.  gr.  0.853  at  20°, 
index  of  refraction,  nD  =  1.48996.  Wallach  records  the  following  physical 
constants  for  methyl  heptenone  from  cineolic  acid:  b.  p.  173—174°, 
sp.  gr.  0.853  at  20°,  nD  1.44003  at  20°.  If  the  ketone  from  lemon- 
grass  oil  is  heated  with  zinc  chloride,  hydro-m-xylene,  CsHia  (b.  p.  132— 
135°)  results  in  considerable  quantity.  Upon  nitration  this  yields 
dinitro-m -xylene  (m.  p.  92°)  and  the  very  characteristic  trinitro-m- 
xylene  which  melts  at  181—182°  and  is  difficultly  soluble  in  alcohol. 
The  same  substances  hare  been  obtained  from  the  methyl  heptenone 
from  rineolic  acid  so  that  a  doubt  as  to  the  identity  of  the  methyl 
heptenone  from  lemon-grass  oil  and  of  the  compounds  of  like  composition 
obtained  by  Wallach  and  by  Tiemann  and  Semmler7  can  no  longer 
exist. 

Geraniol,8  the  alcohol  corresponding  to  the  aldehyde  citral,  is  con- 
tained in  the  highest  fractions  of  the  oil  and  has  been  isolated  by 
means  of  its  calcium  chloride  compound.  The  presence  of  linalool8  in 
fraction  198 — 200°  is  also  rendered  probable.  To  furnish  direct  proof 
that  the  alcohol  in  this  fraction  is  linalool  is  a  difficult  matter  in  the 
presence  of  citral  and  geraniol.  Labbtf"  has  found  cap ronic  and  caprinic 
acids,  which  he  supposes  are  present  in  form  of  the  geraniol  ester. 

M  Berlchto.  81,  p.  8195.  «>  Bertcht  von  S.  4  Co.  Oct.  1894,  p.  8a. 

>)  Berichte.Bl,  pp.  8278,  8207,  8824;  Coinp.    alxo   Tiemann  &   Semmler,    Rerlchte, 

82,  pp.  107,  115.  28,  p.  2126.  footnote. 

■)  Berlchto.  81,  p.  1S91.  ')  Berlchte,  26,  p.  2721. 

»)  Hompt.  rend.,  118,  p.  988.  ')   Bericht  tod  S.  &  Co.,  Oct.  1894,  p.  82. 

•)  Liebie'B  Annalen.  258.  p.  811).  *)  Bull.  Sot.  Cnim.,  lit.  21,  p.  159. 
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The  presence  of  a  terpene,  b.  p.  175°,  *d  =— 5°48',  has  been  ob- 
served by  Barbier  and  Bouveault  in  several  oils.  It  yielded  a  liquid 
bromide  from  which  small  amounts  of  solid  substance  separated  which 
melted  at  85°.  In  other  oils  this  terpene  could  not  be  found  and 
possibly  must  be  regarded  as  an  adulteration.  According  to  Btiehl1 
lemon-grass  oil  contains  dipentene  and  possibly  limonene. 

Properties.'  As  the  name  indicates,  lemon-grass  oil  has  an  intense 
lemon-like  odor  and  taste.  It  is  a  reddish-yellow  or  brownish-red,  mobile 
liquid  of  sp.  gr.  0.899 — 0.903.  On  account  of  the  dark  color,  the 
rotatory  power  mostly  cannot  be  determined.  In  a  few  instances  in 
which  it  was  possible,  an  angle  of  from  +  1°  25'  to  —  3°  5'  was  observed. 
The  oil  is  readily  soluble  in  alcohol,  even  in  dilute  alcohol,  for  it  gives 
a  clear  solution  with  2  and  more  parts  of  70  p.  c.  alcohol.3  The  citral 
content  amount*  to  70—75  p.  c. 

Examination.  Adulterations  with  fatty  oil  or  petroleum  are  recog- 
nized by  the  incomplete  solubility  in  70  p.  c.  alcohol.  The  citral  assay, 
which  should  not  yield  less  than  70  p.  c.  aldehyde,  supplies  a  further 
clue  as  to  the  quality  of  the  oil.  The  method  of  assay  is  the  same  as 
the  assay  of  cinnamic  aldehyde  in  cassia  oil ; 

10  cc.  of  oil  are  shaken  with  bisulphite  solution,  the  number  of.  cc.  of  oil 
going  into  solution  being  regarded  as  citral.  The  necessary  apparatus  and  the 
details  of  procedure  are  described  under  cassia  oil.  Inasmuch  as  methyl 
heptenone  likewise  reacts  with  bisulphite,  one  might  suspect  that  the  aqueous 
solution  not  only  contains  the  citral,  hut  also  the  methyl  heptenone  so  that 
the  apparent  citral  content  was  iu  reality  that  of  citral  +  methyl  heptenone. 
However,  since  the  bisulphite  compound  of  methyl  heptenone  is  broken  up  into 
its  components  when  heated  in  the  waterbatu.  this  ketone  is  contained  in  the 
oily  layer,  citral  in  the  aqueous  solution.  The  assay,  therefore,  shows  the 
correct  citral  content.* 

Production  and  Commerce.  Lemon-grass  oil  is  principally  produced 
in  East  India,  more  particularly  in  the  province  Travancore  south  of 
Cochin.  The  principal  commercial  center  is  Trivandrum.  The  total 
exports  from  the  Malabar  coast  were : 


»)  An  oil  distilled  Iu  Porto  Aleg-re,  Brazil,  Mho  wed  a  peculiar  behavior  In  regard  to 
solubility  since  It  did  not  give  a  clear  solution  even  with  'J8  p.  c.  alcohol.  IU  ap.  gr. 
was  0.895,  angle  or  rotation  —  0°8'.  citral  content  77  p.  e.  Tbe  oil,  which  has  not 
yet  become  an  article  ol  commerce.  In  obtained  from  cultivated  plants.  In  rainy  yean. 
four  crops  ol  thin  grass  can  be  harvested:  In  dry  years  only  three.  Tbe  yield  of  oil 
from  the  fresh  grass  varies  from  0.24  to  0.4  p.  c.  according  to  tbe  season  (Bertebt  von 
S.  «  Co..  April  181)6.  p.  (IS.) 

«)  Comp.  Tlemann.  Berlehte,  81,  p.  8834. 
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Season  1891— 92 1,450  Cases       Season  1894—95 2,370  Cases 

18H2-98 1,868     "        '       "       1895-96 8,070     " 

IS98— 94 2,832      "  "        1896—97 3,000     " 

Each  cane  contains  12  wine  bottles  with  a  total  net  content  of 
about  7%  k. 

Some  oil  is  also  distilled  in  Ceylon,  but  only  here  and  there  and 
then  only  in  small  quantities.    Statistics  of  production  are  wanting. 

In  the  Straits  Settlement*  the  distillation  is  no  longer  conducted  on 
as  large  a  scale  as  formerly.  The  output,  is  at  most  2,000— t$,0OO  lbs., 
for  the  total  export  of  volatile  oils  from  Singapore  to  England  in  1806 
amounted  to  only  14,165  lbs.  Engl.,  of  which  at  least  two-thirds  was 
cit  roue!  la  oil. 

49.    Oil  of  Yetiver. 
Oleum  Andropogonlg  Mwicatt.— VetlverSl.— Essence  de  YetlTer. 

Orkiix  and  Preparation.  Andropogon  munentus  Retz..  known  in 
India  as  Yetiver  or  Cus-Cus,  is  a  perennial  grass  the  leaves  of  which 
are  odorless,  but  the  long  fibrous  roots  of  which  possess  a  peculiar 
strong  odor  reminding  somewhat  of  myrrh.  The  plant  is  found  al! 
along  the  Coromandel  coast,  in  Mysore,  in  Bengal  and  in  Burma  in 
moist,  heavy  soil  particularly  along  the  shores  of  rivers.  It  grows  also 
in  Reunion,  Mauritius  and  the  Philippines,  further  in  Porto  Rico  and 
Jamaica1  and  m  Brazil  |Peckolta). 

In  India  the  root  is  UBed  in  the  manufacture  of  artistic  mats  and 
wicker  baskets.  Inasmuch  as  the  distillation  of  the  oil  is  difficult  on 
account  of  its  sparing  volatility  and  viscid  consistency,  it  is  usually 
conducted  with  sandal  wood  or  sandal  wood  oil.  This  oil  is  seldom 
exported,  whereas  the  root  constitutes  a  regular  article  of  commerce. 
Tutieorin  (south  Coromandel  coast)  is  the  principal  place  of  export. 
The  root  is  of  a  reddish  color  and  often  contaminated  with  red  sand. 
A  half  distilled  root  is  frequently  found  in  commerce  and  can  be 
recognized  by  its  light  color.  The  yield  obtained  in  Europe  from  the 
Indian  root  varies  from  0.4  to  0.9  p.  c.  In  Reunion  larger  quantities 
of  oil  are  distilled,  but  the  root  is  not  exported, 

Properties.  Yetiver  oil  is  the  most  viscid  of  all  volatile  oils. 
Its  color  is  a  dark  yellow  to  dark  brown.  It  has  an  intensive  and 
very  persistent  odor  which  is  not  pleasant  to  some  persons.    On  account 

■>  PbarmacoBrapnla  tndtcn, 
3)  Catalogue    of    tbe    Natloi 
Rundschau.  13,  p.  110. 
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of  its  sparing  volatility  it  is  used  in  finer  perfumery  primarily  for  fixing 
the  more  volatile  odors.  At  15°  vetiver  oil  in  heavier  than  water.  Oils 
distilled  in  Germany  had  a  sp.  gr.  of  1.015—1.030  at  this  temperature. 
On  account  of  the  tough  consistency  of  the  oil  no  claim  for  great 
accuracy  can  be  made  for  these  figures.  At  higher  temperatures  the  oil 
is  lighter  than  water.     One  sample  had  a  sp.  gr.  of  0.994  at  44°. 

On  account  of  the  dark  color,  the  angle  of  rotation  cannot  be  ascer- 
tained in  most  instances.  In  one  instance  <id  =  +  27o40'  was  observed, 
in  another  +25  to  26°.*  Vetiver  oil  forms  a  clear  solution  with  l)j  to 
2  p.  of  80  p.  c.  alcohol.  Upon  the  further  addition  of  alcohol  the 
solution  becomes  turbid. 

A  vetiver  oil  distilled  in  Germany  boiled  between  144 — 200°  under 
23  mm.  pressure.  Between  144—164°,  8  p.  c.  were  obtained;  from 
164—170°,  10  p.  c. ;  170-180°,  24  p.  c ;  180-185°,  30  p.  c. ;  185—200°, 
20  p.  c. ;  residue,  8  p.  c.  The  saponification  number  lien  between  60 
and  80. 

The  oils  distilled  in  Reunion  are  less  viscid  and  specifically  lighter. 
In  a  number  of  samples  the  sp.  gr.  varied  from  0.982 — 0.998  at  30°. 
Being  light  in  color  the  angle  of  rotation  could  be  readily  determined : 
aD  =  +  29°  and  +  36°  being  observed  in  two  eases.  These  oils  possessed 
the  same  solubility  as  those  described  above.  Their  faint  odor  and  the 
difference  in  physical  properties  would  lead  one  to  suspect  adulteration, 
but,  owing  to  the  want  of  knowledge  of  chemical  composition,  this 
cannot  be  decided.  It  is  by  no  means  excluded,  however,  that  these 
differences  are  attributable  to  differences  in  the  material  distilled,  for  it 
seems  but  reasonable  to  assume  that  the  Reunion  oils  are  distilled  from 
fresh  roots. 

Peckolt*  found  the  sp.  gr.  0.996  at  15°  and  0.972  at  13°  respectively 
for  two  oils  distilled  from  fresh  Brazilian  root.  It  should  be  noted, 
however,  that  only  10  kilo  of  root  were  used  and  that  it  would  be 
difficult  to  obtain  the  less  volatile  constituents  from  such  small  amounts. 

Examination.  The  examination  is  restricted  to  the  determination 
of  the  sp.  gr.,  solubility  and,  if  possible,  of  the  rotatory  power.  Under 
all  circumstances  it  should  yield  a  clear  solution  with  two  parts  of  80 
p.  c  alcohol.  This  permits  of  the  recognition  of  fatty  oils  which  are 
frequently  used  as  adulterants.8 

The  admixture  of  sandal  wood  oil  would  not  be  recognized  by  the 
solubility   test,    but    by    the  lower  sp.  gr.,  also  by  the  change  in  the 

'>  Berlcht  von  S.  A  Co.,  Oct.  1897,  p.  Hi!.         »)  Itorlcht  von  S.  &  Co.,  Apr.  189.1,  p.  :•». 
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rotatory  power.  Inasmuch  as  sandal  wood  oil  is  laevogyrate,  a  vetiver 
oil  adulterated  with  it  will  possess  a  lower  rotatory  power  than  a 
pure  oil. 

50.    Citronella  Oil. 

Oleum  Cltrnnellae.  —  CltnnellSI.  —  Essence  4e  Cltrenelle. 

Origin.  CitroneUa  oil  is  distilled  From  the  grass  Aadropogon 
n&rdus  L.  This  plant  prows  principally  in  Ceylon,  the  Malaccan  penin- 
sula, also  in  India  proper,  and  occurs  frequently  in  tropical  East  Africa.1 
According  to  Winter,2  one  of  the  largest  distillers  of  citronella  oil  in 
Ceylon,  two  varieties  of  Andropogon  n&rduts  are  used  in  the  preparation 
of  the  oil.  .  In  Ceylon,  which  produces  most  of  the  oil,  Lana.  Hutu  is  the 
most  widely  distributed  variety.  It  is  said  to  have  first  been  found  in 
Matara,  a  city  in  the  district  of  like  name  in  southern  Ceylon  (comp. 
map).  As  will  be  shown  later,  this  variety  yields  an  oil  relatively  poor 
in  geraniol,  and  contains  methyl  eugenol,  has  a  high  specific  gravity 
and  constitutes  the  bulk  of  the  oil  of  commerce.  The  second  grass 
variety,  which  is  cultivated  in  Ceylon  only  in  the  neighborhood  of 
Baddagama,  comes  from  Malacca  and  grows  on  good  soil  only. 
Apparently  this  variety  is  generally  cultivated  in  the  Straits  Settle- 
ments, also  in  Java8  and  is  known  as  Mahn  pangiri.  The  oil  from  this 
variety  has  a  lower  specific  gravity.  At  least  the  oil  from  Java  has  a 
lighter  color  and  may  in  general  be  pronounced  the  finer  oil.* 

Pbepabation.8  The  cultivation  of  citronella  grass  in  Ceylon  is  con- 
fined to  the  Southern  Province,  mainly  between  the  Gin  Ganga  in  the 
northwest  and  the  Walawi  Ganga  in  the  east.  It  is  found  growing  on 
the  slopes  of  the  hills.  The  individual  tufts  of  grass  grow  at  small, 
irregular  intervals,  attaining  a  height  of  1  meter.  According  to  the 
statement  of  competent  dealers,  as  much  as  40,000  to  50,000  acres 
are  at  present  under  cultivation. 

The  plants  require  little  or  no  care,  provided  the  formation  of  seeds 
is  prevented  by  regular  harvests.  Otherwise  the  tufts  become  too  dense, 
become  yellow  within,  and  spoil.  In  general  a  distinction  is  made  between 
two  harvesting  periods.  The  first  and  principal  season  is  in  July  and 
August,  the  second  lasts  from  December  until  February.  The  yield 
averages  from  16 — 20  bottles  (of  22  oz.  each)  per  acre  for  the  summer, 

i)  Ber.  d.  phai-ru.  Gen.,  7,  p.  H01..  *)  Berlcbt  v.  8.  A  <Jo„  Apr.  1BO0,  p.  11. 

■)  Chemist  and  Druggist,  .12,  p.  846.  >)  According   to    the    Berlcht    von  S.  A 

•)  Berlcht  v.  S.  &  Co.,  Oct.  18B9,  p.  18.        Co.,  Oct.  1898,  p.  11. 
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and  from  5—10  bottles  for  the  winter  season.  Exact  data  cannot  be 
given,  for  the  yield  naturally  varies  with  the  weather,  and  the  age  and 
location  of  the  plantation.  Thus  e.  g.  a  plantation  yields  less  anil  leas 
oil  with  increasing  age,  though  climate  and  soil  conditions  are  favorable. 
When  the  plantation  has  reached  the  age  of  15  years  new  plants  have 
to  be  raised  if  the  industry  is  to  be  profitable. 

The  distilleries  are  mostly  located  at  the  base  of  ridges  where  tool 
water  is  to  be  had  in  sufficient,  quantity. 

The  construction  of  the  distilleries  is  not  at  all  primitive,  as  is  shown 
in  the  following  sketch.  The  success  of  the  natives,  who  constitute  the 
majority  of  the  producers,  is  really  remarkable.  The  machinery  is  housed 
under  a  long  roof  which  serves  as  a  protection  against  the  sun.    The 

Elevation. 


".   Ro»l  (tic  I 


iupply  pipe  (flg.  ( 


regulation  steam  boiler,  provided  with  safety  valve  and  water  gauge. 
rests  on  a  solid  foundation.  The  cylindrical  iron  stills,  mostly  0 — 7  ft. 
high  and  3 — I  ft.  in  diameter,  rest  on  a  base  and  are  provided  with  a 
common,  interchangeable  alembic.  This  connects  with  a  spiral  cooler  in 
a  large  wooden  barrel  resting  on  a  lowered  water  basin.  The  conden- 
sation products  of  the  cooler  empty  into  a  basin  still  lower  than  the 
one  constituting  part  of  the  cooler,  and  in  a  locked  compartment.  The 
complete  arrangement  is  shown  by  the  accompanying  sketches.  (Fig. 
60;  and  fig.  01,  p.  203.) 
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The  distillation  ie  conducted  with  direct  steam  without  the  addition 
of  water  to  the  grass.  The  water  in  the  barrel  condenser,  when  warm, 
is  used  for  feeding  the  boiler;  whereas  the  water  in  the  lower  basin 
serves  to  effect  complete  condensation.  The  distillate  is  stored  without 
effecting  a  separation  of  the  oil.  After  a  definite  period,  the  proprietor 
visits  his  distilleries  to  remove  the  oil.  The  aqueous  distillate  is  poured 
away. 

A  charge  of  dry  grass,  for  only  such  is  used,  is  distilled  in  about 
6  hours.  The  exhausted  grass,  after  being  dried  in  the  sun,  is  used  as 
fuel.  The  Southern  Province  is  extremely  poor  in  wood.  For  this 
reason  the  distillation  must  be  discontinued  during  the  rainy  season 
when  the  exhausted  grass  can  no  longer  be  dried. 

G  round-  plan. 


Fig.  81. 

A  still  7  ft.  high  and  4Ji  ft.  in  diameter  yields  about  16—20  bottles 
of  2'2  oz.  each  per  day,  or  about  360 — t-10  oz.  The  work  never  being 
controlled  no  accurate  figures  as  to  yield  are  obtainable. 

Besides  the  apparatus  described  above,  such  with  direct  Are  are  said 
to  be  in  use  hi  some  districts.  However,  most  of  the  citronella  oil  is 
to-day  obtained  by  steam  distillation.  If  the  distillation  is  conducted 
over  direct  fire,  water  is  added  to  the  grass.  It  should  be  stated  the 
grass  is  not  dried  before  distillation.  Nevertheless  it  is  not  nioist  when 
put    into    the    apparatus,  for  as  a  rule,  several   hours  elapse  from  the 
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time  when  it  w  cut  to  the  time  when  it  is  distilled.  With  a  temper- 
ature of  about  65 — 70°  in  the  hud,  this  suffices  to  remove  a  large  portion 
of  the  moisture. 

The  districts  of  production  are  more  clearly  indicated  by  the  accom- 
panying map.  The  number  of  stills  in  operation  in  Ceylon  is  estimated 
at  600,  with  an  annual  output  of  1,000,000  lbs.  of  citronella  oil. 

Composition.  The  principal  bearer  of  the  citronella  odor  and,  there- 
fore, the  characteristic  constituent  of  the  oil. is  citronella).  It  is  an 
aldehyde  of  the  formula  CtoHisO.  Although  present  to  the  extent  of 
from  10—20  p.  c.  only,  it  first  attracted  the  attention  of  investigators. 
Owing  to  the  instability  of  the  aldehyde,  its  name  as  well  as  opinions 
regarding  its  composition  have  undergone  repeated  changes. 

Gladstone1  in  1872  found  the  boiling  point  of  "citronellol,"  as  he 
designated  the  substance,  at  199 — 205°  and  assigned  to  it  the  formula 
CioHieO.  Wright*  in  1874  states  that  it  boils  at  210°.  His  analyses 
agree  with  the  formula  CioHisO.  By  shaking  the  oil  with  alkali  bisulphite 
and  regeneration  with  acid,  Kremers8  obtained  an  aldehyde  which 
decomposed  when  distilled.  One  of  the  fractions  upon  analysis  yielded 
results  corresponding  with  an  heptoic  aldehyde  CtHmO.  Schimmel  &  Co,4 
designated  the  compound,  regenerated  From  the  bisulphite  derivative 
with  soda  and  boiling  between  20" — 210°,  "eitronellon,"  without  decid- 
ing as  to  its  ketone  or  aldehyde  nature.  Dodge5  then  pronounced  it  an 
aldehyde  without,  however,  bringing  any  proof  as  to  the  aldehyde  nature 
of  the  "citronella  aldehyde."  This  proof  was  supplied  by  Seramler" 
(1891)  who  oxidized  the  "eitronellon"  to  an  acid  with  the  same  number 
of  carbon  atoms,  the  citronellic  acid.  CioHisOa.  For  this  reason  the 
substance  is  now  designated  as  citronella),  a  more  rational  name  desig- 
nating its  chemical  character.     For  the  properties  and  derivatives    of 


i)  Journ.  <;bem.  Soc,  25.  p.  1:  Phar  it.  Journ.,  Ill,  2,  p.  746;  Jahreab.  f.  Chimin. 
1872,  p.  813. 

»)  Pbarm.  Journ..  Ill,  S,  p.  28S,  Gladstone  ae  well  aa  Wright  erroneously  mention 
Aadropogoo  seboennntbaa  an  tbe  plant  from  which  citronella  nil  la  derived.  Their 
work,  however,  ahowa  with  sufficient  certainty  that  the  <>I1h  examined  by  them  were 
true  citronella  oil  from  Andcopogon  amrdua  L.  and  not  the  oil  From  4,  achoeannthna. 
On  tbe  other  band,  tbe  "Un  wrench  un*  dea  OelB  von  Anilropogon  iyarnoeaea"  by  St*n- 
houee  in  1*44  (Lleblg'a  Annalen,  SO.  p.  157|,  which  he  calls  East  Indian  grata  oil,  does 
not  pertain  to  palmaroaa  oil,  but  In  all  probability  to  citronella.  oil.  Comp.  "Weber 
Palmaroeaol"  by  O.  E.  Ulldemeiater  and  K.  Stepban.     Archlv  der  Pharm..  2S4.  p.  S28. 

■)  Proc.  Am.  Pbarm.  Abboc,  85,  p.  571:  Chem.  Centralbl.,  1888.  p.  898. 

*)  Berlcht  von  a.  4  Co.,  Oct.  1888,  p.  17. 

«)  Dodtre  aaalgnad  to  It  the  correct  formula  C.',(,IIlsO.  Amer.  Chem.  .lonrn.,  II, 
p.  456;  Chem.  Centralbl..  1SU0,  I,  p.  127. 

e)  Berlcbte,  24.  p.  210. 
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citronellal  see  p.  154.  A  detailed  chemical  examination  of  a  Lana  Batu 
oil  has  recently  been  made  by  Sehimmel  &  Co.1 

Citronella  oil  contains  bnt  10—15  p.  c.  of  terpenes.  In  fraction 
157—164°  camphene  haw  been  found  (Bertram  &  Walbaum,*  1894).  By 
pausing  hydrogen  chloride  into  an  ethereal  solution  of  this  fraction  there 
is  obtained,  in  addition  to  liquid  products,  a  solid  chloride,  which, 
when  heated  under  pressure  with  water  at  100°,  yields  quantitatively 
camphene.  By  treating  the  same  fraction  with  glacial  acetic  acid  and 
sulphuric  acid,  isoborneol  results.  Furthermore  there  is  present  a  second 
terpene  of  like  boiling  point  which  has  not  yet  been  identified.*  Fraction 
172—177°  contains  dipentene  (tetra bromide,  m.  p.  124°). a  Limonene8 
also  is  present  and  has  been  identified  as  tetrabromide  melting  at  105°. 

Of  oxygenated  constituents  of  an  alcoholic  nature  the  presence  of 
borneol  and  geraniol  has  been  determined  with  certainty.  On  account 
of  the  small  amount  present  (1—2  p.  c),  the  former  can  be  isolated 
only  with  difficulty.  The  melting  point  was  found  at  203 — 204°,  ite 
specific  rotatory  power  [q]d  =— 81.82°,  hence  laevo  borneol.4  Geraniol8 
constitutes  about  one-half  of  the  citronella  oil.  The  alcohol  can  be 
obtained  pure  by  treating  the  corresponding  fraction  with  calcium 
chloride  and  decomposing  the  calcium  chloride  geraniol  with  water.* 

Basing  his  conclusion  on  somewhat  unsatisfactory  analytical  data, 
Dodge7  assumes  the  presence  of  an  alcohol  CioHsoO,  b.  p.  222°,  identical 
with  citronellol  (e.itrouellyl  alcohol)  obtained  by  the  reduction  of 
citronellal.  This  claim  still  requires  verification.8  Methyl  heptenone,9 
acetic  and  valerianic  acids10  as  esters  and  linalool*  have  also  been  found. 

Another  constituent,  methyl  engenol,  has  been  found  by  Sehim- 
mel A  Co.11  This  probably  occurs  only  in  the  Lana  Batu  oil,  and  to 
it  the  higher  specific  gravity  of  this  variety  possibly  is  due.  From  the 
highest  boiling  portion  of  the  oil  a  fraction  was  obtained  which  pos- 
sessed  the  odor  of  methyl  eugenol   and   which   upon   oxidation   with 

i)  Bertcht  too  8.  4  Co.,  Oct.  1898,  pp.  IS— 2a. 

>)  Journ.  I.  prakt.  Chem.,  II,  49,  p.  16. 

•)  Bertcht  tod  B.  ft  Co.,  Oct.  1.899,  p.  13. 

*)  Bertcht  tod  R.  *  Co.,  Apr.  1894.  p.  IB. 

«)  Ibid.;  Oct.  1898,  p.  11. 

■  )  The  preparation  ol  geraniol  From  citronella  oil  It  paten  tod.  Q.I. P.  78,485.  Chom. 
ZeUtrng.  18,  p.  1358. 

T)  foot-note  G,  p.  294. 

»)  Flataa  and  Labbtf  claim  to  bare  found  8  p.  c,  ol  citronellol  In  citronella  oil.  Ah 
Known  on  p.  284  under  pa1uinrnaa  oil.  the  method  which  they  employed  to  ellect  the 
•epnratlon  of  cltrnnellnl  and  geraniol  In  altogether  unreliable. 

»)  Bertcht  von  8.  *  Co..  April  1890,  21. 
I")  Kramer*,  Footnote  8,  p.  994. 
ti)  Bertcht  Ton  8.  &  Co..  Oct.  1898,  p.  17. 
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potassium  permanganate  yielded  veratric  acid  melting  at  179°.  Accord- 
ing to  a  more  recent  investigation  8  p.  c.  of  methyl  eugenol  was  found 
present.1 

If  thin  occurrence  explains  the  higher  sp.  gr.  of  the  L&na  Batu 
variety,  the  cause  for  the  higher  optical  rotation  is  to  be  sought  in  the 
larger  content  of  strongly  laevogyrate  camphene.  The  lowest  fractions 
of  the  oil  in  which  the  methyl  eugenol  had  been  found,  had  an  angle  of 
rotation  ao  =  —  55°0'.a 

According  to  tlie  recent  investigation  of  Schimmel  &  Co.  already 
referred  to,  the  composition  of  the  L&na  Batn  oil  may  be  summarized 
as  follows :  a  liquid  camphene,  dipentene,  limonene,  citronellal  (28.2  p.  c), 
geraniol(32.9p.  c.  >.  linalool,  borneol,  terpineol(?t, methyl  eugenol (8 p. c. ), 
a  light  sesquiterpene  (sp.gr.  0.8643).  a  heavy  sesquiterpene  (sp.  gr.  0.912). 8 

8o  far  as  examined  the  oil  from  the  Man&  pangiri  variety  has  the 
same  constituents,  but  the  two  oils  differ  decidedly  in  percentage  com- 
position, the  Muna  pangiri  variety  containing  up  to  91  p.  c.  of  acetylizable 
constituents:*  50.45 — 55.34  p.  c.  citronellal,  38.15—31.87  p.  e.  geraniol. 
and b only  0.78 — 0.84  p.  c.  oF  methyl  eugenol.  The  low  percentage  of  the 
last  mentioned  substance  accounts  for  the  low  specific  gravity. 

Properties.  Citronella  oil  is  a  yellow  or  yellowish-brown  liquid, 
sometimes  green  due  to  the  presence  of  copper.  Brownish  oils  frequently 
become  green  when  exposed  to  the  air.  This  change  does  not  take  place 
if  the  copper  is  removed  by  shaking  the  oil  with  acid.6  The  odor  of 
citronella  oil  is  pleasant  and  lasting.  Frequently  the  odor  is  described 
as  resembling  that  of  balm.  This  comparison  is  not  pertinent  inasmuch 
as  the  odor  of  balm  resembles  citral.  and  not  citronellal,  the  hearer 
of  the  citronella  odor. 

With  regard  to  physical  properties,  the  oils  of  the  two  varieties  of 
grass  previously  described  differ  decidedly. 

The  first  kind,  which  may  be  designated  as  Singapore  oil  and  which 
is  regarded  as  the  better  quality,  has  a  sp.  gr.  0.880— 0.900,  rotatory 
power  «d  =— 0°34'  to—  3°,  and  a  geraniol  content  of  from  80—91  p.  e. 

The  oil  distilled  from  Lann  Batu  constitutes  the  bulk  of  the  com- 
mercial oil.    Its  sp.  gr.  is  0.9(H)— 0.920,  «u  =  —  5°  to—  21°.  the  geraniol  . 
content  varies  from  50  to  at  most  70  p.  c. 

1)  Berlcbt  von  K.  &  Co.,  Oct.  189»,  p.  22. 
»)  Bwricnt  von  S.  &  Co.,  Oct.  189S,  p.  17. 
')  No  mention  Is  made  o[  the  citral  found  by  I 
2.-,— HO  p.  c.  or  citronellal  and  2—5  p.  c.  of  citral. 
*l  Berkht  von  S.  &  Co.,  Apr  1STO0,  p.  11. 
t)  Pharm.  Journ.,  Ill,  SI,  p.  1*32. 
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The  solubility  of  both  oils  is  about  the  Hame,  A  good  citronella  oil 
yields  a  clear  solution  with  1—2  parts  of  an  80  p.  c.  alcohol.  This 
solution,  as  a  rule,  remains  clear  if  the  quantity  of  alcohol  is  increased 
to  10  vols.  Sometimes,  however,  the  increase  of  the  alcohol  to  5—10 
vols,  causes  a  slight  turbidity,  but  even  upon  longer  standing  in  a 
closed  vessel  no  oily  drops  separate. 

Citronella  oil  does  not  yield  a  definite  saponification  number.  On 
account  of  the  slow  decomposition  of  the  citronellal  by  meanu  of  alkali 
the  results  will  vary  with  the  length  of  boiling. 

Examination.  In  testing  the  oil,  the  main  attention  is  to  he  directed 
against  the  most  common  adulterants,  fatty  oils  and  petroleum.  The 
latter  reduces  the  sp.  gr.  of  the  oil  decidedly,  whereas  the  fatty  oiIb 
scarcely  produce  a  change  in  this  respect.  Both  adulterants  can  be 
detected  by  the  behavior  of  the  oil  toward  80  p.  c.  alcohol.  The  follow- 
ing table1  shows  the  solubility  of  pure  and  intentionally  adulterated 
citronella  oils. 


Knee.     ''  Proportion  of  oil  to 

gravity 


soluble      soluble 


80  p.  c. 

1  :  5 
soluble 


of  alcohol 
|    1  :  10 

notable 


10.897 
0.905 
German  oil* -       0,895 

The  same  with 
10  percent]  I      0.887 

20  pereentl  Petroleum (      ()  S7J 

30  percent  I      0.868 

Commereidl  oil  adult*™  led      I       (1(w, 

with  petroleum j      w'OBB 

Commercial  oils  adulterated    I       „JE 

with  fatty  oils |       \\^ 


Concltisintm  hs  to  the  kind  and  quantity  of  the  adulterant  can  be 
drawn  from  the  appearance  of  the  turbidity,  also  from  the  behavior  of 
the  substance  separating.  Petroleum  produces  a  milky  white  turbidity, 
whereas  fatty  oils  produce  a   turbid,   biit  not  a  milky  mixture.    After 

prolonged    standing,    fatty    oil    collects    in    the    form    of    drops    at  the 
bottom  of  the  liquid,  while  petroleum  rises  to  the  surface, 


milk  • 

sliKMh 

milky 

turbid 

turbid 

turbid 
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Citronella  oil  adulterated  with  tatty  oils  is  soluble  neither  in  1—2 
parts  nor  in  10  parte  of  80  p.  c.  alcohol.  An  oil  adulterated  with 
petroleum  gives  a  clear  solution  with  1—2  parte,  but  becomes  turbid  upon 
the  addition  of  more  solvent  and  separates  oily  drops  at  the  surface 
only  after  prolonged  standing. 

Strictly  speaking,  adulteration  can  be  established  only  after  the 
separation  of  oily  drops,  for  a  mere  turbidity  is  frequently  produced  by 
pure  commercial  oils.  The  exact  proof  for  adulteration  with  fatty  oils 
and  petroleum  is  described  on  p.  201. 

Aeetyiixation  will  be  found  useful  in  passing  judgment  on  an  oil :  the 
higher  the  geraniol  content,  the  more  valuable  the  oil.  However,  the 
geraniol  content  found  upon  acetyliiation  does  not  correspond  to  the  real 
alcohol  content.  Inasmuch  as  in  the  process  of  acetyliiation,  citronellal  is 
quantitatively  converted  into  the  acetic  ester  of  isopulegol  CioHibO  (Tie- 
manu  and  Schmidt1),  the  citronellal  content  is  determined  with  that  of  the 
geraniol.  The  term  "geraniol  content,"  therefore,  is  improper,  but  for  the 
sake  of  simplicity  is  retained  in  practice.  A  method  for  the  determination 
of  geraniol  in  the  presence  of  citronellal  has  not  yet  been  worked  out. 

Production  and  Commerce.  Ceylon  and  the  Straits  Settlements  on 
the  Malaccan  peninsula,  are  the  countries  which  produce  citronella  oil. 
The  accompanying  map  shows  the  producing  districts  in  Ceylon.  An 
area  of  40,000—50,000  acres  is  said  to  be  under  cultivation  in  the 
island,  with  600  stills  in  operation,  which  have  an  annual  capacity  of 
more  than  a  million  pounds  of  oil. 

At  the  time  of  publication  of  the  German  edition  of  this  work  the 
largest  quantity  of  oil  had  been  exported  in  1808:  viz.  1, '165,917  lbs., 
valued  at  about  #H5 1 1,000.00.  This  record  was  broken  in  1809  with  a 
total  of  1,478,750  lbs.  The  countries  to  which  this  oil  waa  shipped, 
with  the  amounts,  are; 

KnRland 6!t6.869  lbs 7R6.594*  lbs. 

America B18.999  "  867.332     "' 

IWmanj 22.883  -   1,835*   " 

India 10,100  "  7,537     " 

Australia ltl.633  -  2-\865     " 

France  3,440  "  1,467     " 

China tf.24fl  "     1      s  -™     „ 

Smgauore 504  -  J      °'OJO 

Africa 250  " 

Total l!3«.-..»17  lbs.  1,478,756  lbs. 

>)  Berlchte.  29.  p.  918. 

')  Tbene  two  figures  are  misleading  Inasmuch  as  the  Herman  Importation*  amount- 
ing to  about  2.10,000  lbs.  are  included  In  the  English  Imports. 
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The  enormous  increase  in  production  and  consumption  is  strikingly 
shown  by  the  following  statistics  ol  exportation : 

Export  of  citronella  oil  from  Ceylon. 

551,706  lbs. 

659,867 

1889 641,465 

909,942 

608,974 

892. 844.602 

898 668,520 

894 W)8,471 

895 1.182,255 

B96 1.182,141 

897 1.182,867 

1,865,917 

899 1,478,756 

In  comparison  with  these  numbers  the  piftducfion  of  the  Straits 
Settlements  near  Singapore  it*  insignificant.  The  total  area  of  the 
citronella  estates  in  the  peninsula  is  estimated  at  2000  acres  at  the 
highest.  The  annua)  production  of  oil  may  not.  exceed  30,000  lbs. 
Qualitatively,  however,  this  oil  is  preferable 

51.    Oil  of  Andropogon  Odoratus. 

The  grass  Andropogon  odor&tus  Lisboa,  which  serves  the  natives 
on  the  west  coast  of  India  proper  as  a  domestic  remedy,  yields  upon 
distillation  as  much  volatile  oil  as  Andropogon  schoenanthus. 

Properties.  According  to  Dymoek,1  the  oil  is  of  a  dark  red  color; 
sp.  gr.  0.931  at  31°;  au=—  22.75°;  [*]d=— 24.43°. 

An  oil  distilled  from  fresh  grass  possessed  an  odor  resembling  that 
of  pine  needle  oil;  sp.  gr.  0.915;  «d=— 23°10'.B 
52.  Camel-grass  Oil. 
Ohioin.  From  Dioscorides  up  to  the  middle  of  the  last  century  the 
herb  of  Andropogon  laniger  Deaf,  has  been  carried  in  apothecary  shops 
as  Herba  achoenanthi  or  Squin&nthi,  as  Juncus  odoratiua  or  as  Foenum 
came/orom.8  The  plant  is  widely  distributed  throughout  northern 
Africa  and  Arabia,  also  in  northern  India  as  far  as  Thibet.  In  the 
desert  it  constitutes  the  principal  food  of  the  camels.  Upon  distillation 
of  the  dried  grass,  as  offered  for  sale  in  the  Indian  bazaars.  Dymoek* 
obtained  1  p.  c.  of  oil. 

i)  Pharmacographia  Indies.,  part  VI,  p.  ST1. 

»),Berfcht  von  8.  *  Co..  Apr.  1892,  p.  44. 

■)  Pb&rmaeoffrapbl&,  II.  edit.,  p.  728. 

*)  Pharnineugiaphla  Indies.,  part  VI,  p.  364. 
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Properties  and  Composition.  Dymock  ol>served  the  sp.  gr.  0.905 
at  29. 5°  and  the  angle  of  rotation  «d  =— 4°.  Schimmel  &C0.1  found  the 
ap.  gr.  0.015  at  15°  and  the  angle  of  rotation  «d=+84°88'.  The  odor 
of  camel-grass  oil  reminds  of  that  of  elemi  oil.  which  resemblance 
appears  to  tie  due  to  its  phellandrene  content.1  The  oil  distills  between 
170—250°. 

53.    Oil  of  Saw  Palmetto. 

Origin  and  History.  The  oil  of  saw  palmetto  is  obtained  from  the 
twrries  of  SerenoH  aerrul&tu  Miehx.  Hook,  f..  (Family  Pw/mae),  indigenous 
to  the  southern  United  States,  especially  to  Florida.  The  oil  is  apparently 
first  mentioned  in  1894  by  Sherrard."  who  claims  to  have  obtained  it 
from  the  chloroformic  extract  of  the  berries.  Coblentz8  in  1895  obtained 
a  small  quantity  of  a  volatile  oil  by  distillation.  The  oil  had,  however, 
been  distilled  in  much  larger  quantities  as  early  as  1890  by  J.  U.  Lloyd.* 

Preparation.  The  oil  is  obtained  by  distillation  from  the  fresh 
berries.  The  yield  of  oil  is  about  1.2  p.  c.  The  dried  berries  do  not 
yield  the  oil.8  An  oil  has  also  been  obtained  by  expressing  the  juice 
from  the  berries  and  collecting  the  oily  layer  (Sherman  and  Briggs8), 
and  by  siphoning  off  the  oily  layer  which  separates  from  the  fluid 
extract  (Lloyd5). 

Properties.  The  distilled  oil  of  saw  palmetto  has  a  pleasant  fruity 
odor,  accompanied  by  a  heavier,  almost  disagreeable  odor.  When 
distilled  it  is  of  a  green  to  brownish  color,  which,  however,  disappears 
when  distilled  in  a  vacuum.  The  oil  distilled  in  1890  by  J.  U.  Lloyd 
had  in  1900  11  sp.  gr.  of  0.8682  at  20°.  The  oil,  when  distilled  under 
diminished  pressure,  was  colorless  and  had  the  following  properties: 

B.p.  fiO— 170°  at  18  mm.;  dg°  =  0.8<179;  nD*>»  =  1.41233. 
The  oil  is  optically  inactive  (Schreiner8!. 

Two  samples  ot  oil  obtained  from  the  fluid  extract  had  the  sp.  gr. 
0.8651  and  0.8775.  They  yielded  by  distillation  with  steam  from  4  to 
5  p.  e.  of  a  green  to  brownish  oil  of  the  sp.  gr.  0.8H50  and  0.8653 
respectively.  An  oil  obttiined  by  Sherman  and  Briggs8  by  expression 
from  the  berries  preserved  in  alcohol  boiled  from  70 — 270°  under  a 
pressure  of  10  mm. 

■1  Berlcht  von  X.   &   Co.,   Apr.   1S92,   p.   44. 
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Composition.  Sherman  and  Briggs1  have  made  a  thorough  chemical 
study  of  the  oil  of  saw  palmetto  obtained  by  expression  from  the  berries 
preserved  in  alcohol.  The  oil  was  subsequently  fractionated  under 
diminished  pressure.  They  found  this  oil  to  consist  to  the  extent  of 
about  03  p.  c.  of  free  fatty  a«ids.  caproic,  ca  pry  lie,  eapric.  la-uric, 
palmetic,  and  oleic  acids,  and  about  87  p.  c.  of  ethyl  esters  of  these 
acids.  No  glycerides  were  found  in  the  oil  obtained  from  the  pulp  of 
the  berries,  although  their  presence  was  demonstrated  in  the  fixed  oil 
from  the  seeds,  in  which  the  same  acids,  with  the  addition  of  stearic  acid, 
were  found  as  in  the  oil  from  pulp.  The  fruity  odor  of  the  oil  is  due 
to  the  ethyl  esters.  The  fact  that  the  oil  consists  so  largely  of  free 
fatty  acids  and  of  ethyl  esters  of  these  acids,  and  inasmuch  as  the 
berries  are  kept  in  alcohol,  has  led  to  the  suspicion  that  the  esters  may- 
be formed  by  the  action  of  the  alcohol  on  the  free  acids.2  This  suspicion 
is  supported  by  the  fact  that  no  volatile  oil  is  obtained  from  the  dry 
berries. 

54.    Calamus  Oil. 
Oleum  Calami,  —  CaUmusol.  —  Essence  de  ('alliums. 

Origin  and  History.  Calamus,  Acorns  vnl&mus  L..  Family  Arneeae. 
though  frequently  found  but  in  isolated  places,  occurs  in  the  moderate 
zones  of  the  entire  northern  hemisphere.  It  also  occurs  in  Japan  (Thun- 
herg)  China.  Cochin  China  (Loureiro),  and  Burma,  the  East  Indies 
iRoxburgh),  the  Philippines  and  some  of  the  islands  of  the  Indian 
Archipelago,  and  has,  furthermore,  been  found  on  Tana  lake  in  Abyssinia 
(Heuglin).  Inasmuch  as  the  plant  does  not  multiply  by  means  of  seeds 
(Kemer)  in  moderate  and  colder  climates,  but  by  the  branching  of  the 
rhizome,  it  is  assumed  that  the  wide,  but  ofttiines  isolated  distribution 
of  calamus  may  have  been  brought  about  by  transplanting. 

Calamus  is  reported  to  have  been  cultivated  in  ttie  thirteenth  century 
in  Poland;  in  Germany  first  during  the  sixteenth  century;  whence  it 
became  more  widely  distributed.  Calamus  is  also  indigenous  to  North 
America,  being  found  from  Nova  Scotia  south  to  Florida  and  westward 
to  Minnesota,  Iowa  and  Kansas.  Of  botanists  Schtfpf  first  observed  it 
in  17K8  in  Pennsylvania  and  New  Jersey. 

The  distilled  oil  of  calamus  is  first  mentioned  in  the  price  ordinance 
of  Frankfurt  of  l-'H2and  in  the  Dispensatorium  Noricum  of  1.189.  The 
yield  of  oil  obtainable  upon  distillation  of  the  rhizome  was  determined 

i)  Pharm.  AitIUvl-h.  3,  p.  101.  »>  Pharm.  Rev.,  Ma.v  1900. 
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at  the  beginning  of  the  eighteenth  century  by  Hoffmann  and  Neumann ; 
and  about  the  middle  of  the  eighteenth  century  by  Cartheuser.  The 
first  investigations  of  the  oil  appear  to  have  been  made  by  Wedel  in 
1718  and  by  Trommsdorff  in  1808.  Later  examinations  are  by 
Martins  in  1832,  Schnedermann  in  1812,  Gladstone  in  1863,  and 
Kurbatow  in  1873. 

Prepahation.  The  rhizome,  which  contains  oil  in  all  ite  parte,  in 
collected  late  in  summer  and  in  fall.  Upon  distillation  the  fresh  root 
which  contains  70—75  p.  c.  of  water  yields  about  0.8  p.  c,  the  dried 
unpeeled  rhizome  about  1.5 — 3.5  p.  c.  of  oil.  The  root  bark  as  well  as 
the  peeled  roots  when  dried  and  distilled  by  themselves  produce  a  smaller 
yield  than  the  unpeeled  rhizome.  A  plausible  explanation  seems  to  be 
that  when  peeled,  the  rhizome  is  cut  into  thin  strips  whereby  oil  is  lost 
by  both  volatilization  and  resinification.  A  calamus  oil  of  inferior 
quality,  with  properties  deviating  from  those  of  the  ordinary  oil,  is 
distilled  in  Galicia. 

On  account  of  its  aroma,  calamus  oil  is  used  in  the  manufacture  of 
liquors  and  of  snuff,  and  finds  less  application  than  formerly  in  general 
medicine  and  the  preparation  of  household  remedies. 

Composition.  Since  1832  calamus  oil  has  been  examined  repeatedly.1 
The  results  obtained  so  far,  however,  do  not  afford  a  satisfactory  in- 
sight into  its  chemical  nature.  It  is  not  even  known  what  substance 
constitutes  the  bulk  of  the  oil,  much  less  to  what  its  peculiar  properties 
are  due.  The  investigation  of  Kurbatow'  (1874)  revealed  the  presence 
of  5  p.  c.  of  a  terpene  (CioHm)  boiling  at  158—159°,  which  yielded  a 
solid  derivative  with  dry  hydrogen  chloride  melting  at  63°.  Though 
this  melting  point  is  extremely  low— pinene  hydrochloride  melts  at  125° 
—it  is  probable  that  this  terpene  is  identical  with  pinene. 

Fraction  255 — 258°,  sp.  gr.  0.982  at  14°  and  constituting  2.5  p.  c. 
of  the  oil.  contains  a  sesquiterpene  that  does  not  combine  to  form  a 
crystalline  derivative  with  hydrogen  chloride.  At  a  still  higher  tem- 
perature a  blue  oil  distills  over.  The  highest  boiling  fractions  contain 
a  subtance  (phenol?)  which,  in  alcoholic  solution,  produces  a  greenish- 
brown  color  with  ferric  chloride  (FUickiger8). 

i)  Martina  (1H82),  I.leblfc'1 
Ibidem,  41,  p.  874.  —  Gladstone  ( 
1868,  pp.  S46,  S4T. 

i)   Ueblg'n  Annul™,  178.  p.  i, 
lor  some  of  tbera.  like  tbone  of  u 

■)  PharruucoKnOMli',  J).  852. 
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Calamus  oil  also  contains  saponiflable  substances  and  a  small 
amount  of  an  alcoholic  substance  as  becomes  apparent  from  tlie 
saponification  number  (40—50)  after  acetylization. 

Pbopbbtieb.  Calamus  oil  is  somewhat  viscid  in  consistency,  of  a 
yellow  to  brownish-yellow  color,  possesses  a  camphor-like,  aromatic 
odor  and  a  corresponding  bitter,  burning,  spicy  taste.  Ite  sp.  gr.  is 
0.960  to  0.970 ;  angle  of  rotation  «d  =  +  10 1  to  +  31°;  ■  saponification 
number  16 — 20,  after  acetylization  40— HO.  Calamus  oil  is  soluble  in 
almost  all  proportions  in  90  p.  C.  alcohol,  but  rather  difficultly  soluble 
in  more  dilute  alcohol.  Of  a  50  p.  c,  alcohol  about  1,001)  parts  are 
necessary  to  effect  a  clear  solution.  (The  solubility  of  the  Japanese  oil 
described  below  is  very  different.)  Upon  distillation  of  a  normal  calamus 
oil  nothing  came  over  below  170°;  between  170—275°  32  p.  c.  were 
obtained;  from  275 — H00°,  60  p.  c;  leaving  a  residue  of  8  p.  c. 

Examination.  Owing  to  the  lack  of  knowledge  of  its  chemical  coin- 
position,  the  examination  of  calamus  oil  is  confined  principally  to  the 
determination  of  its  optical  rotation,  sp.  gr..  and  solubility  in  90  p.  c. 
alcohol. 

Adulterations  that  cannot  be  readily  recognized  by  their  odor  are 
turpentine  oil.  cedar  wood  oil  and  gurjun  balsam  oil.  The  first  mentioned 
can  be  recognized  by  a  lower  sp.  gr.  and  angle  of  rotation,  and,  if 
present  in  large  quantity,  by  the  diminution  of  solubility  in  90  p.  c. 
alcohol,  and  by  fractional  distillation. 

Cedar  wood  oil  and  gurjun  balsam  oil  may  influence  the  sp.  gr.  but 
little,  but  reduce  the  dextrorotation  materially  or  change  it  to  laevo- 
rotation.  Their  presence  may  farther  be  indicated  by  their  sparing 
solubility  in  90  p.  c.  alcohol.8  Inasmuch  as  the  boiling  points  of  both 
oils  lie  within  the  limits  of  those  oF  calamus  oil.  they  cannot  be  recog- 
nized by  fractional  distillation. 

65.    Oil  from  Calamus  Herb. 

The  fresh  green  parts  ol  calamus.  Acorns  calamus  L.,  yield  upon 
distillation  with  water  vapor  an  oil  which  closely  resembles  that  from 
the  rhizome.    Its  sp.  gr.  is  0.964  ;  aD  =  +  20°  44'.* 

ij  Berlcht  Ton  H.  ft  Co.,  Apr.  1890,  p.  10. 

')  The  ancle  of  rotation  of  the  Uallclan  oil  U  frequently  lower  than  +  10°. 

')  Bericbt  von  B.  &  Co.,  Apr.  1S9S.  p.  16. 

*)  Bertcht  von  S.  *  Co.,  Apr.  1887,  p.  8  of  table. 
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56.    Japanese  Calamus  Oil. 

Japanese  calamus  rout,  which  does  not  differ  morphologically  from 
the  ordinary  rhizome,  in  probably  derived  from  the  same  plmit  us  the 
latter.  It  in  possible,  however,  that  it  in  derived  from  .-iforws  spuriosun 
Schott,  wlik'h  is  common  in  Japan  and  the  rhizome  of  which  in  said  to 
scarcely  differ  from  that  of  .1.  calamus  L.  (Holmes.1  1879). 

The  Japanese  root  is  much  richer  in  oil  than  the  common,  con- 
taining 5  p.  c.  The  oil  has  a  sp.  gr.  0.992  and  boils  from  210—290". 
Collected  in  two  fractious,  the  lower  one  possessed  the  characteristic 
calamus  odor,  vhcraiK  the  higher  boiling  one  had  the  odor  of  sesqni- 
ter|>enes.3 

Japanese  oil  in  more  readily  soluble  in  alcohol  than  the  German. 
1  p.  of  the  Japanese  oil  dissolves  in  .~><H)  p.  of  50  p.  c.  alcohol,  the 
German  being  soluble  in  not  less  than  1,000  parts.2 

57.    Cevadilla  Seed  Oil. 

Sabadillsamtiiiol. 

This  oil  is  obtained  by  distillation  of  the  comminuted  seeds  of 
Sabndilla,  officinalis  (LiliMCPiie), or  of  the  fat  obtained  by  benzin  extraction 
in  the  preparation  of  veratrine  (Opitz.8  INftI).  The  yield  from  the  fresh 
seed  is  about  0.32  p.  c,  from  old  seed  much  less.  The  sp.  gr.  lies  l>e- 
tween  0.902  and  0.02H.  Upon  distillation  the  bulk  passes  over  between 
1D0 — 2.10°,  the  esters  present  being  largely  decomposed.  After  saponi- 
fication the  oil  distills  principally  between  220—2.10°.  [«]j  =  — ft*  10'. 

From  the  alkaline  saponification  liquid,  oxymyristic  acid  CnHssOs. 
(m.  p.  51°),  and  veratric  acid.  CaHioO*  (in.  p.  17ft— 1M0°).  have  been 
obtained.  These  acids  seem  to  In-  present  in  the  original  oil  as  methyl 
and  ethyl  esters.     Lower  aliphatic  aldehydes  have  also  been  found. 

58.    Aloe  Oil. 

The  faint  but  characteristic  odor  of  aloes  is  due  to  a  minute  quantity 
of  volatile  oil.  Upon  distillation  of  .">00  lbs.  of  Barbadoes  aloes  from 
AloP  vulgaris  Lam.  var.  AloP  ImrhiuleuHin,  T.  and  H.  Smith  &  Go.  of 
London  in  1HH0  obtained  2  fl.  dr.  of  oil.  It  was  a  light  yellow,  mobile 
liquid,  sp.  gr.  O.Hfi.H.  b.  p.  200—271°.* 
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09.    Xanthorrhoea  Resin  OIL 

Upon  (list illation  of  the  Australian  yellow  xanthorrhoea  resin 
(acaroid  renin,  yellow  grass  tree  gum)  from  Xanthorhoea  hostile  R.  Br. 
Schimniel  &  Co.*  obtained  0.37  p.  c.  of  a  yellow  oil,  storax-like  in  odor. 
Up.  gT.  0.937,  «d— 3°  14',  saponification  number  74.3,  acid  number  4.9, 
ester  number  69.4.  The  free  acid  was  isolated  by  shaking  with  dilute 
sodium  hydroxide  solution  and  recognized  by  means  of  its  melting  point 
133°,  as  cinnamic  add.  From  the  saponification  lye  cinnamic  acid  was 
separated  in  considerable  quantity,  200  g.  of  oil  yielding  about  4(1  g. 
of  cinnamic  acid  reerystallized  from  water. 

The  saponified  oil  boiled  between  145 — 240°,  From  the  low  boiling 
portions  a  fraction  145— 150°  possessing  the  properties  of  styrene  was 
isolated.  Upon  the  brominstion  in  a  cold  ethereal  solution  styrene 
xlibroniide.  m.  p.  74 — 75°,  was  obtained  in  fine  needles. 

60.    Garlic  Oil. 

Upon  distillation  of  the  entire  plant.  Allium  sativum  L,,  Q.0O5 — 0.009 
p.  e.  of  an  oil!  are  obtained,  which  is  yellow  in  color  and  possesses  a 
most  disagreeable  garlic-like  odor.  Sp.  gr.  1.046 — 1.057;  optically 
inactive. 

The  oil  was  first  examined  chemically  in  1844.  Based  upon  this 
examination.  Wertheim8  arrived  at  the  conclusion  that  garlic  oil  con- 
sisted principally  of  allyl  sulphide  (CsH5)s8.  This  view  was  held  for 
almost  50  years  and  has  passed  into  all  text  books  without  being  put 
to  a  test  in  a  single  instance. 

When  Semmler*  reexamined  the  oil  in  1892  the  fact  was  revealed 
that  garlic  oil  does  not  contain  a  trace  of  allyl  sulphide.5 

Analysis  revealed  the  presence  of  sulphur  besides  carbon  and  hydro- 
gen, also  the  absence  of  oxygen  and  nitrogen.  Inasmuch  as  the  oil 
decomposed  when  distilled  under  ordinary  pressure  it  was  fractionated 
under  reduced  pressure.  Under  16  mm.  pressure  it  distilled  between 
65 — 125°.    Semmler  isolated  the  following  substances : 

1.  A  disulphide  C8HiaSa  {abt.  6  p.  c),  b.  p.  66—69°  under  16  mm. 
It  is  probably  allyl  propyl  disulphide,  CgHsS— SCbHt- 

i)  Bench t  ron  8.  *  Co.,  Oct.  1BB7.  p.  68. 

U  Bericht  tod  S.  A  Co.,  Oct.  188.8,  p.  S3:  and  Oct.  1890,  p.  UG. 
*>  LteblK'a  Annalen,  31.  p.  280. 
•1  Archlv  d.  Pharm.,  HBO,  p.  484. 

«)  This  naturally  dUpones  o[  the  Hlatements  concerning  other  oils  stippuswl  to  be 
identical  with  garlic  oil,  inch  as  thorn  nf  Thlnspt  arveaxe  L.  and  Alllnt-ln  ofHelnalls  L. 

20 
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2.  A  disulphide  CaHioSa  (abt.  60  p.  c.)  constitutes  the  bulk  of  the 
oil  and  is  the  bearer  of  the  pure  garlic  odor.  Sp.  gr.  1.0237  at 
14.8°;  b.  p.  79 — 81°  under  18  mm.  Its  constitution  probably  is 
CsHnS-SCaHd. 

3.  A  substance  C0HioSa  (abt.  20  p.  c).  Sp.  gr.  1.0845  at  15°; 
b.  p.  112—122°  under  10  mm.  Probable  constitutional  formula: 
CaHaS-8— SC8Hb. 

The  residue  shows  a  still  higher  sulphur  content  and  possibly  haw 
the  composition  C«HioS«. 

Inasmuch  as  allyl  sulphide  boils  between  36—38°  under  15.5  mm. 
pressure,  and  the  first  fraction  of  garlic  oil  between  60— 6~>°,  the  presence 
of  allyl  sulphide  in  garlic  is  excluded.  Neither  could  the  sesquiterpene 
of  Beckett  and  Wright,1  b.  p.  2ri3.9°  be  found  in  the  oil  examined  by 
8emmler. 

61.    Onion  Oil. 

The  pungent,  persistent  odor  of  the  garden  onion.  Allium  cepa  L.,  is 
due  to  a  volatile  oil,  of  which  a  yield  of  0.046  p.  c.  is  obtained  when  the 
entire  plant  is  distilled.2 

Onion  oil  is  a  dark  brown,  mobile  liquid,  sp.  gr.  1.0410  at  8.7°a  or 
1.036  at  l()°;a  aD=—  ">°. 

Inasmuch  as  the  oil  is  decomposed  by  distillation  under  ordinary 
pressure,  this  operation  must  be  conducted  in  vacuum.  Under  10  mm, 
pressure  the  oil  distills  almost  completely  between  64 — 12.">°.  According 
to  Hemmler8  the  principal  constituent  is  a  disulphide  C11H1282  (b.  p. 
To— 83°  under  10  mm.,  sp.  gr.  1.0234  at  12°)  which  upon  reduction  with 
zinc  dust  is  converted  into  a  substance  C0H13K  (b.  p.  130°).  Nascent 
hydrogen  reduces  CaHiaSa  to  CaHnSa  (b.  p.  68 — 69"  under  10  mm). 
The  oil  also  contains  a  higher  sulphide  which  zinc  dust  reduces  to  the 
compound  CaHiaS.  Finally,  another  sulphur  compound  was  found  in 
onion  oil  which  is  possibly  identical  with  one  of  the  high  boiling  com- 
pounds of  asafetida  oil.  Neither  allyl  sulphide  nor  terpenes  are  contained 
in  onion  oil  any  more  than  in  garlic  oil. 

62.    Oil  from  Allium  Ursinmn. 
B&rlMiclrfl. 

All  parts  of  Allium  ursinum  L.,  leaves,  flowers  and  corms,  possess 

an  extremely  penetrating  garlic  odor.     Upon  distillation  of  the  entire 

11  Journ.  ('hem.  Hoc.  1.  p.  1.  *)  Archlv  d.  Pbarm.,  380,  p.  441. 
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plant  0.007  p.  e.  of  an  oil  is  obtained  which  is  highly  refractive,  and 
of  a  dark  brown  color  and  burning  taste.  Its  odor,  though  garlic-like, 
is  quite  distinct.  Sp.  gr.  1.015  at  13°.  It  boils  almost  entirely  between 
95  and  106°.  According  to  Semmler1  it  consists  principally  of  vinyl 
sulphide,  CH2:CH— S— CH:CH2  (b.  p.  101°,  sp.gr.  0.9125).  In  addition 
this  oil  contains  vinyl  poly  sulphides,  also  traces  of  a  mercaptan,  and 
an  aldehyde  not  yet  characterized. 

63.    Saffron  Oil. 

Origin  and  History.  The  spicy  stigmas  of  the  saffron,  Crocus 
siitivns  L.,  N.  O.  Iridaceae  were  used  medicinally,  and  for  their  color  and 
flavor  during  antiquity,  and  up  to  the  middle  ages  were  regarded  an  one 
of  the  more  valued  spices. 

The  distilled  oil  of  saffron  is  first  mentioned  by  Ryff2  and  Gesner,8 
and  is  enumerated  in  the  municipal  price  ordinance  of  Niirnberg  of  1013. 
The  older  medical  treatises  do  not  mention  it.  The  yield  was  apparently 
first  determined  in  1670.*  Saffron  and  its  constituents  were  further 
examined  b.y  Lagrange  and  Vogel  in  1810. B  In  1821  Henry  examiued 
the  coloring  matter  of  saffron  and  arrived  at  the  conclusion  that  the 
yield  of  oil  was  almost  doubled  if  for  every  ounce  of  saffron  8  oz.  of 
common  salt  and  4  oz.  of  potassa  are  added  to  the  aqueous  distillate.8 

Preparation,  Properties  and  Composition.  Upon  distillation  of 
saffron  with  water  in  a  current  of  carbon  dioxide  a  small  amount  of  an 
oil  is  obtained  which  is  but  slightly  yellow  in  color,  and  possesses  an 
intense  saffron  odor.  It  readily  absorbs  oxygen,  becoming  viscid  and 
brownish  in  color. 

An  elementary  analysis  gave  figures  agreeing  with  the  formula 
CioHia-  The  bulk  of  the  oil,  therefore,  seems  to  consist  of  a  terpene.7 
This  also  results  when  the  aqueous  solution  of  picrocrocin,  the  bitter 
principle  of  saffron,  is  heated.  The  reaction  is  supposed  to  be  expressed 
by  the  following  equation: 

CssHssCHt  +  Ha0  =  3C8Hia08  +  "iCioHia 

Picrocrocin  WaWr  Crocone  Terpene. 

i)  LJeblf['«  Anualeu,  241.  p.  90. 
3}  Ncn  grn«e  Deatllllrbueh,  fol.  1SS. 
•)  ElD  kostllcher  Stoat*,  lot.  222. 
*)  Hertodt.  CrocoloRla.    Dlmertatlo.  Jenaa  1671. 

«)  Aqd.  de  Chfm,.  SO,  |i.  18.1.— TrommBdorlTi  Journ.  d.  Pharm.,  21,  J,  p.  200. 
■)  Tromiiisrtcirfl'n  Neuea  Joara.  d.   Pharm..  0,  p.  65.—  lierl.  Jahrb.  I.   Pharm.,   24, 
I,  p.  160. 

;he  Icrpenes  pdbhhi  but  a  slight  odor  It  Bwmi   probable  that  the 
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64.    Orris  Oil. 

Oleum  Iridl§.  —  Irisal.  —  Essence  d'lris  concrete.    Benrre  ie  Ylolettes. 

Origin  and  Preparation.  The  steam  distillation  of  the  rhizome  of 
whit*1  flag  for  the  production  of  orris  oil  is  a  practice  of  modern  times. 
Orris  root  itself,  however,  ha»  been  used  since  antiquity  on  account  of 
its  mild  fragrance  and  taate. 

Iris  ffermanicn  L„  I.  pallida  L.  and  /.  Sorentina  are  the  three  species 
of  Inn,  N.  O.  Ir'niaeene,  which  are  indigenous  to  the  Mediterranean 
countries.  In  these  as  well  an  in  central  European  countries  they  are 
cultivated  and  widely  distributed  aw  decorative  plants. 

White  flag,  especially  the  first  two  species,  is  cultivated  for  com- 
mercial purposes  principally  in  the  province  of  Florence,  the  districts  of 
dreve,  Ricomano.  Pelago.  Regello.  Bag-no  a  Ripoli.  Poutassieve.  Galluzzo. 
H.  I'ascinno  in  Val  di  Pesa  and  Montespertoli  being  the  principal  centres. 
The  best  root  is  being  cultivated  in  the  communities  8.  Polo  and 
Castellinn  Iwlonging  to  the  (Jreve  district. 

The  cultivation  has  gradually  extended  to  the  neighboring  provinces 
of  Florence  which  produce  an  equally  good  product  i  in  Arezzo,  Castel- 
frtiiico  di  Mopru  and  Lore  Oiuffennn  in  the  province  of  Arezzo;  in 
(iroHseto  in  the  province  of  like  name;  in  Faeuza  in  the  province  of 
Ravenna;  and  in  Terni,  in  the  province  of  Perugia. 

Orris  root  is  cultivated  on  hills  and  the  slopes  of  mountains— never 
in  the  valleys— mostly  in  large  sunny  clearings  or  in  rows  among  the 
grape  vines,  and  but  seldom  in  extended  fields.  It  flourishes  in  stony, 
dry  soil.  Usually  the  rhizome  is  harvested  after  three  years,  but  if  the 
price  is  high  it  is  cut  when  two  years  old.  The  freshly  cut  rhizomes  are 
laid  in  water  to  facilitate  the  peeling  and  then  spread  on  terraces  to 
dry,  a  process  that  requires  about  1+  days.  « 

When  dry,  the  rhizome  is  turned  into  the  form  in  which  they  are 
used  for  teething  or  into  rosaries.  The  powder  is  used  in  the  preparation 
of  sachets.  The  less  well-shaped  roots,  fragments  and  wastes  from  the 
peeling  and  cutting  of  the  dried  rhizome  are  sold  for  the  distillation 
of  orris  oil. 

The  principal  places  of  export  of  Italian  or  Florentine  orris  root  are 
Livorno,  Verona  and  Triest. 

For  the  purpose  of  distillation  the  Florentine  root  is  almost 
exclusively  employed.  The  Veronese  root,  derived  from  Iris  germnniat, 
is  inferior  and  seldom  used  for  distillation.  Still  poorer  is  the  Morocco 
or  Mogadore  orris  root,  also  derived  from  /.  gertniinicx.    It  is  darker  in 
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color  and  has  but  a  faint  odor.  In  order  to  render  it  lighter  in  color 
it  is  sometimes  bleached  with  sulphur  dioxide,  thus  rendering  it  unsuitable 
for  distillation. 

Occasionally  Indian  root1  has  appeared  in  the  London  market. 
It  was,  however,  of  sueh  poor  quality— due  probably  to  poor  methods 
of  collection  and  treatment— as  to  be  unfit  for  distillation. 

Upon  steam  distillation2  orris  root  yields  but  0.1  to  0.2  p.  e.  of 
volatile  oil.  The  distillation  is  rendered  difficult  and  tedious  by  the 
frothing,  due  principally  to  the  high  starch  content  of  the  rhizome.  To 
facilitate  distillation,  the  addition  of  sulphuric  acid  has  been  suggested, 
whereby  the  starch  is  partly  converted  into  sugar.  This  process,  how- 
ever, did  not  stand  the  test  of  experience,  inasmuch  as  it  affected  the 
odor  of  the  oil. 

On  account  of  the  small  yield  and  high  price,  the  use  of  the  oil  is 
restricted  principally  to  finer  perfumery.  In  recent  years,  orris  oil  is 
used  together  with  ionone  in  the  preparation  of  artificial  violet  perfume. 

Properties.  Orris  oil  is  a  yellowish-white  to  yellow  mass,  of  rather 
firm  consistency  at  ordinary  temperature,  and  an  intensive  odor  remind- 
ing of  the  dried  orris  root  (Veilchenwurzel);  it  melte  at  about  44 — 50° 
to  a  yellow  or  yellowish-brown  liquid.8  Orris  oil  is  slightly  dextro- 
gyrate. The  acid  number,  about  213—222,  corresponds  to  85— DO  p.  c. 
of  myristic  acid.    The  saponification  number  is  2—6. 

Composition.  The  bulk  of  orris  oil,  about  85  p.  v.,  is  composed  of 
the  completely  odorless  myristic  acid.*  The  bearer  of  the  violet  odor  is 
irone,  a  ketone  of  the  formula  CiaHaoO  (Tiemann  and  Krilger,'  1893). 
Besides  these  two  constituents,  the  oil  contains  small  amounts  of  the 
methyl  ester  of  myristic  acid,  oleic  acid  and  its  esters,  also  oleic 
aldehyde. 

For  the  preparation  of  the  irone,  the  rhizome  is  exhausted  with 
ether,    and  the  ethereal  residue  is  distilled  with  water  vapor.      In    the 


')  Berlcht  von  Sehlmmel  &  Co.,  Oct.  1896,  p.  45. 

')  Prof.  H.  llirtel  In  his  •■Tolletten-Chemle,"  4.  ed.  (1892),  p.  SIB.  states  that  orris 
oil  cannot  be  the  normal  distillate  o!  orris  root,  because  myristic  acid  Is  not  volatile 
with  water  vapor.  The  lact.  however,  la  that  the  oil  Is  obtained  by  steam  distillation 
and  since  myristic  acid  Is  Its  principal  constituent,  there  can  be  no  doubt  that  the 
add  Is  volatile  with  water  vapor  under  the  conditions  under  which  tbe  distillation  Is 
conducted, 

•)  In  order  to  avoid  detrimental  over  heating,  the  oil  Is  melted  by  placing  the  bottle 
In  warm  water  having  a  temperature  of  about  55 — 60s. 

•)  FlOcklger  <1ST0),  Archlr  d  Pharm.,  208,  p.  481.  Ol  older  references  comp. 
Vogel,  Journ.  de  Pharm.,  II,  1,  p.  48R:  Trommsdord'e  Joarn.  d.  Pharm.,  24,  II,  p.  64; 
and  Dumas,  Journ.  de  Pharm.,  II,  21,  p.  191;  and  LleblR's  Annalen,  15.  p.  158. 

«)   Bench te.  26,  p.  2670. 
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residue  there  remains  a  part  of  the  myristic  acid,  iregenin,  iridic  acid, 
and  eaters  of  myristic  and  oleic  acid,  whereas  part  of  the  myristic  acid 
and  its  methyl  ester,  oleic  acid  and  one  of  its  esters,  and  oleic  aldehyde 
distill  over  with  the  irone.  Upon  repeated  steam  distillation  of  the  first 
distillate,  irone  passes  over  first  and  can  thus  be  separated  somewhat 
from  the  other  constituents. 

The  irone  is  farther  purified  by  converting  it  into  its  phenyl 
hydrazone  and  regenerating  it  by  means  of  sulphuric  acid.  Perfectly 
pure  irone  is  obtained  by  converting  it  into  the  crystnllizable  ironoxime 
and  regenerating  it  by  means  of  dilute  sulphuric  acid. 

In  the  preparation  of  irone  from  orris  oil,  the  myristic  acid  is  first 
removed  by  shaking  with  dilute  potassa  solution.  This  solution  is 
shaken  with  ether,  the  ether  extract  distilled  fractionally  with  water 
vapor  and  the  irone  purified  as  stated  above. 

Irone  has  a  sp.  gr.  of  0.93ft  at  20°,  boils  at  14-4°  under  16  mm. 
pressure,  and  in  a  100  mm.  tube  turns  the  plane  of  polarized  light 
about  40°  to  the  right.  In  water  it  is  almost  insoluble,  but  readily 
soluble  in  alcohol,  ether,  chloroform,  benzene  and  ligroin. 

The  odor  of  pure  irone  is  pungent  and  in  a  concentrated  state 
seems  to  differ  entirely  from  that  of  the  violet.  The  latter,  however, 
becomes  apparent  when  irone  is  dissolved  in  a  large  amount  of  alcohol 
and  the  solution  evaporated. 

Adulteration.  A  liquid  or  semi-liquid  oil  is  sometimes  found  in 
commerce  under  the  name  of  orris  oil,  which  has  been  obtained  from 
orris  root  by  distillation  with  cedar  oil  or  other  oils,  or  which  is  merely 
a  mixture  of  such  oils  with  some  orris  oil.  Several  years  ago  a  mixture 
of  97.-">  p.  of  acetanilid  and  2.5  p.  of  orris  oil  was  brought  into  commerce 
as  "irisol"  and  sold  at  an  enormous  price. 

65.    Curcuma  Oil. 

Obihin  and  Preparation.  The  curcuma  plant.  Cui-cuma  longa.  L., 
N.  O.  Zingibernnme,  is  indigenous  to  southern  Asia,  and  is  cultivated 
on  account  of  the  yellow  dyestuff  which  it  contains,  in  India  and  iu 
southern  and  eastern  China.  Upon  distillation  with  water  vapor, 
ctircuma  root  yields  5— u.f>  p.  c,  of  volatile  oil. 

Properties.  Curcuma  oil  is  an  orange-yellow,  slightly  fluorescent 
liquid,  which  has  a  slight  odor  of  curcuma  and  a  sp.  gr.  of  0.942.  With 
%  to  1  vol.  of  90  p.  c.  alcohol  it  produces  a  clear  solution  which  is 
rendered  milky  upon  the  addition  of  more  alcohol. 
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Composition.  According  to  Bolley,  Suida  and  Daube1  (1868)  cur- 
cuma oil  begin**  to  boil  at  about  220°  and  is  in  complete  ebullition  at 
250°.  Above  this  temperature  decomposition  takes  place.  Upon  the 
addition  of  ammonium  sulphide  to  fraction  230—250°  they  obtained 
crystals  which  were  regarded  as  carvone  hydrosulphide.  Fliiekiger8 
(1876),  however,  could  not  obtain  a  hydrogen  sulphide  addition  product 
with  any  of  the  fractions,  thus  indicating  the  absence  of  carvone. 

Jackson  and  Menke3  (1882)  analysed  the  fraction  distilling  between 
193— 198°  under  60  mm.  pressure,  assigned  to  it  the  formula  CinHssO, 
and  called  it  turmerol.  It  is  an  alcohol  which  yields  a  chloride,  turmeryl 
chloride,  with  strong  hydrochloric  acid.  Its  Bp.  gr.  is  0.0016  at  17°, 
£«]d  =  -+-#3.52°.  Under  ordinary  pressure  turmerol  boils  at  285—200° 
with  decomposition.  With  an  excess  of  hot  permanganate  solution  it 
is  oxidized  to  terephthalic  acid.  Chromic  acid  yields  different  oxidation 
products.  Ivanow-Gajevsky4  obtained  valerianic  and  capronic  acids 
from  fraction  280 — 290°.  The  lowest  boiling  portion  of  curcuma  oil 
consists  of  phellandrene." 

66.    Oil  of  Zedoary. 

Oleum  Zedorlae.— Zlt we rwunelol.— Essence  de  ZrSdoalre. 

Origin  and  History.  The  rhizome  of  the  zingiberaceous  plant 
Curcuma,  zedoaria  Roscoe  {C.  zerumbet  Roxburgh)  is  at  present  brought 
into  commerce  from  Ceylon  via  Bombay.  The  plant  has  been  cultivated 
in  the  island  for  a  long  period  because  some  of  the  inhabitants  are  fond 
of  it  as  a  vegetable  (Fliickiger;0  Dymock*). 

The  distilled  oil  of  zedoary  is  first  mentioned  in  the  price  ordinance 
of  Berlin  of  1574, 8  in  those  of  Worms  and  Frankfurt- on- the  Main  ot 
1582,  also  in  the  Dispensatorium  Noricum  of  1589.  Examinations  as 
to  yield  and  properties  of  the  oil  were  later  made  by  Neumann8  (1785), 
Dehne1**  (1779)  and  Geofiroyii  (1757.) 

i)  Jnurn.  f.  pr.  Chem.,  108,  p.  471.     Jnhresb.  t.  Pliarra.,  1B6S,  p.  47. 
'i  Berlchte,  »,  p.  470. 
»)  Amrr.  Phem.  Journ..  4,  p.  868. 
*)  Bericbte,  S,  p.  1102. 

•  1  Berlcht   von  S.   &  Co.,  Oct.  1890,   p.    17. 
«)  Pharmacol  nule,  p.  869. 
J)  listeria  medlca  or  Western  India,  p.  773. 

»)  Est  I  matin  materia*  medlcae ...  In  gratiani  at  unura  publicum  eivltatum  M&rcblae 
BrandenbargenHlH.     Autore  Matthaen  Flaeco.     Berollal  1S74. 
•)  Ooettltng's  Almanach  IDr  Scheldek  ring  tier,  1785.  p.  118. 
>°)  Crell'a  Chemlscbe*  Journal,  8,  p.  20. 
n>  Traetstni  de  ma,t*ria  inedlca,  vol.  8,  p.  265. 
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Properties  and  Compobition.  Oil  of  zedoary  in  a  somewhat  viscid, 
oily  liquid.  In  thin  layer  its  color  is  somewhat  greenish,  in  thicker  layer 
strikingly  greenish  black;  in  transmitted  light  its  color  is  reddish.  The 
odor  reminds  oE  that  of  ginger,  but  differs  from  the  tatter  by  a 
camphor-like  odor  due  to  the  presence  of  eineol.  It«  sp.  gr.  is  0.91*0—1.01. 
The  rotatory  power  has  not  yet  been  observed  on  account  of  the  dark 
color  of  the  oil.    It  it  soluble  in  1^— 2  vol.  of  80  p.  e.  alcohol. 

Upon  distillation  only  a  small  amount  of  oil  comes  over  below 
240°.  In  this  fraction  eineol1  was  shown  to  be  present  by  means  of  the 
hydrobromide.  The  bulk  of  the  oil  distills  between  240— 300°,  a  small 
amount  above  300°. 

67.    Kaempheria  Oil.. 

K&empferia  rotunda  L.,  N.  O.  Zingiberaceae,  formerly  supplied  the 
llhizoma,  zedouriae  rottiudae  of  the  apothecary  shops.  Upon  distillation 
the  root  yields  0.2  p.  c.  of  a  yellow  colored  oil.2  It*  pleasant  odor,  at 
first  camphor-like,  is  afterward  decidedly  estragon-like.  The  sp.  gr.  of 
the  fresh  oil  varies  from  0.88fi— 0.894a  at  2(1°.  Another  sample. 
evidently  older,  had  a  sp.  gr.  of  0.945  s  at  15°,  «D=4-13°4'at  14°. 
Upon  distillation  half  of  the  oil  distilled  below  200°,  and  the  greater 
portion  of  the  other  half  about  240°. *    The  oil  contains  eineol.8 

68.  Hedychlum  Oil. 

The  oil  of  the  flowers  of  Hedychium  coronuriiim  L.,  (Zingiberaceite). 
which  is  cultivated  in  Java,  has  a  pleasant,  delicate,,  but  faint  odor. 
Sp.  gr,  0.809,  nD  =  —  0°28'.* 

From  the  flowers  of  the  Brazilian  plant.  Peckolt0  obtained  0.02(i — 
0.029  p.  c.  of  oil,  sp.  gr.  0.809. 

69.  Oil  of  Galangal. 

Oleum  Galang&e.  —  Gaigantttl.  —  Essence  de  (Manga. 

Origin  and  History.     Galangal.  Alp'uria  o/Bcirmrum  Hance,  {Zingi- 

bemeeae),  is  originally  indigenous  to  the  island  Uai-nan.     It    is   still 

cultivated  in  the  same  and  in  the  opposite  peninsula  Lei-t.ii'hou  and  the 

neighboring  coasts,  also  in  Siam.      The   spicy  rhizome  seems  to  have 

i)  Berlcht  von  S.  ft  Co.,  Oct.  18S0,  p.  38. 

")  S'LandB  Plan  ten  tuin  Bnltenxortt,  18BB,  p.  85.  • 

•  )  Berlcht  von  8.  ft  Co.,  Apr.  18D4,  p.  67. 

«1  Berlcht  von  S.  ft  Co.,  Apr.  188*,  p.  It8. 

»)  Pharra.  Bundwhau.  11,  p.  287. 
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been  used  by  the  Chinese  during  antiquity.  It  is  mentioned  in  the 
Aynr-vedas  Susrutas,  by  Plutarch  and  by  the  medical  writers  of  the 
middle  ages.    In  German  literature  it  occurs  since  the  eighth  century. 

The  rhizome  is  mentioned  in  the  Dispeuaatorinm  Noricum,  but  the 
oil  seems  to  have  been  distilled  later.  The  first  mention  of  the  oil 
occurs  in  the  price  ordinance  of  Frankfurt-o.-M.  of  1587, 

Production.  Upon  distillation  of  the  comminuted  root  with  water 
vapor  0.5 — 1  p.  c.  of  oil  is  obtained. 

Properties,  (ialangal  oil  constitutes  a  greenish-yellow,  slightly 
viscid  liquid  of  a  camphor-like  odor,  the  taste  of  which  is  at  first 
slightly  bitter  then  somewhat  cooling.  The  sp.  gr.  lies  between  0.915 
and  0.925.  the  angle  of  rotation  between-  — 1° 30'  and  —  8° 80*.  It  is 
miscible  with  %  and  more  parts  of  90  p.  c.  alcohol ;  of  80  p.  e.  alcohol 
10—20  parts  are  necessary,  to  effect  a  clear  solution.  It  boils  between 
170  and  275°. 

Composition.  The  only  known  constituent  of  galangal  oil  is  cineol  * 
identified  by  means  of  the  hydrogen  bromide  addition  product.  It  is 
this  constituent  to  which  the  camphor-like  odor  of  the  oil  is  due. 

70.    Oil  from  Alpinia  Malacoensia, 

The  fresh  rhizome  of  Alpiniti  malar.cennis  Roscoe  (Ladja  goah),  which 
grows  wild  in  Java,  yields  upon  distillation  %  p.  c.  of  an  oil  with  a 
pleasant  odor.8  Its  sp.  gr.  varies  between  1.039  and  1.047  at  27°.  In 
a  200  mm.  tube  it  deviates  the  plane  of  polarized  light  from  0.25  to 
1.5°  to  the  right.  Upon  cooling,  the  oil  becomes  almost  completely 
solid,  handsome  long  nesdles  ol  methyl  cinnamate  being  formed.  The 
leaves  of  the  same  plant  also  contain  methyl  cinnamate. 

71.    Oil  from  Alpinia  Nutans. 

Alpinia  nutans,  Roscoe,  also  contains  in  its  rhizome  a  volatile  oil,8 
the  sp.  gr.  of  which  is  0.93  at  29°.  A  large  portion  of  the  oil  distills 
below  230°.  Fraction  255— 2(55°  yielded  upon  saponification  with  methyl 
alcoholic  potassa  an  acid  melting  at  134°  —  probably  cinnamic  acid. 

72.    Ginger  Oil. 

Oleum  Zln^lberls.  —  Ingtrerttl.  —  Essence  de  Gtngembre. 
Origin    and    History.      The    rhizome    of    Zingiber  officinale   Roscoe 
(Amoaiam  zingiber  L.),  which  is  originally  indigenous  to  southern  Asia 

'  »)  Berlcht  voo  S.  A  Co.,  Apr.  1S90,  p.  21. 
>)  Kon.  Akad.  t.  Wetenach.  te  Amsterdam  1898.  p.  5B0, 
•)  s'Lanin  I'lont.  te  Buitenxorg,  1  SW7.  p.  Hii. 
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and  which  is  cultivated  there  to-day  aa  well  as  in  the  south  Asiatic 
archipelago  and  in  other  countries,  seems  to  have  been  used  as  a  spice 
by  the  ancient  Chinese  and  Indians.  The  Greeks  and  Romans  with  whom 
it  was  a  favorite  spice  obtained  it  via  the  Red  Sea  route  and,  therefore, 
considered  it  an  Arabian  product.  In  the  third  century,  however,  it 
was  already  enumerated  among  the  Indian  products  brought  to  Europe 
via  the  Red  Sea  and  Alexandria.  Ginger  was  introduced  into  the  West 
Indies  by  the  Spanish  about  the  middle  of  the  sixteenth  century.  An 
early  as  1547  ginger  was  shipped  from  Jamaica  to  Spain,  from  San 
Domingo  in  1585  and  from  Barbadoes  in  1654. 

The  first  mention  of  distilled  ginger  oil  is  found  in  the  spice  ordinance 
of  Copenhagen  of  1672.  The  yield  was  determined  in  the  course  of  the 
eighteenth  century  by  Neumann,1  Gesner,*  Geoff roy,*  and  Cartheuser.4 

The  rhizome  yields  about  2—3  p.  c.  of  volatile  oil.  At  present 
African  ginger  is  mostly  used  for  the  distillation  of  the  oil.  Of  interest 
is  the  observation  that  ammonia  is  formed  in  the  process.  Its 
formation  has  not  yet  been  satisfactorily  explained. 

Properties.  Ginger  oil  possesses  the  aromatic,  not  very  strong, 
but  persistent  odor  of  the  rhizome,  but  not  the  pungent  taste  of  the 
latter.    It  is  viscid  and  of  a  greenish-yellow  color. 

The  sp.  gr.,  which  lies  between  0.875  and  0.885,  seems  very  low  it 
the  amount  of  high  boiling  constituents  is  taken  into  consideration. 
The  angle  of  rotation  varies  between  —25  and  —45".  Ginger  oil  is  one 
of  the  least  soluble  in  alcohol,  50—100  parts  of  a  96  p.  c.  alcohol  being 
requisite  to  effect  a  clear  solution.  When  distilled  over  a  direct  flame, 
the  oil  passes  over  between  155  and  300°,  but  a  considerable  residue 
of  decomposition  products  remains  in  the  flask. 

The  distillate  from  Japanese  ginger  differed  from  the  oil  from 
African  or  Jamaica  ginger.  Inasmuch,  however,  as  but  a  few  kilos  of 
the  rhizome  were  used  in  the  experiment,  the  oil  may  not  have  been 
normal.  Its  sp.  gr.  was  as  high  as  0.894;  its  angle  of  rotation  was 
dextrogyrate,  viz.  ao  —  9°  40';  and  it  was  soluble  in  2  p.  of  90  p.  c. 
alcohol.    No  positive  test  for  phellandrene  was  obtained. 

Moreover,  an  oil  distilled  in  Japan,"  did  not  differ  in  its  properties 
from  the  ordinary  oils.  Its  sp.  gr.  was  0.883,  «d  =  — 26°52'.  With 
sodium  nitrite  and  glacial  acetic  acid  it  yielded  a  positive  test  for 
phellandrene. 


■  )  Chjmla.  medlcft,  vol.  2,  p.  388. 
3)  DlMwrtnUo  de  Zingibers.    Altrlorf, 
1728.  p.  IB. 

•)  Beiicbt  von  S.  *  Co..  Oct.  1898.  p.  41. 
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Composition.  Of  ginger  oil  only  a  few  of  the  minor  constituents  are 
known;1  of  the  substances  to  which  the  characteristic  odor  is  due 
nothing  ig  known.  In  the  lowest  boiling  portions  terpenes  are  found. 
The  angle  of  rotation  of  fraction  155—165°  is  -f  63"  13'  (opposite  in 
direction  to  that  of  the  oil).  This  fraction  contains  dextro-camphene 
(Bertram  &  Walbaum.2)  When  treated  with  glacial  acetic  acid  and 
sulphuric  acid  it  yields  an  acetate  which  upon  saponification  yields 
isoborueol.  m.  p.  212°,  the  broraal  derivative  of  which  melts  at  71°. 
Fraction  170°  contains  pheltandrene a  and  yields  a  nitrite  melting 
at  102°. 

The  bulk  of  ginger  oil  passes  over  between  250—266°  and  consists 
principally  of  a  sesquiterpene  (Thresh,8  1881)  CisHa*,  not  yet  defined, 
which  does  not  yield  a  solid  compound  with  hydrogen  chloride. 

73.    Ceylon  Cardamom  Oil. 
Oleum  Cardamom!.— Ceylon  Cards  mom  Mill!.— Essence  de  Card  anionic 

History.  Cardamoms,  the  capsular  fruits  of  different  species  of 
Elettariti  and  Amomum,  family  Zingiberaceae,  appear  to  have  been 
widely  used  during  antiquity,  being  known  by  the  names  EI&  (Ayur- 
vedas), Amomis,  Amomum  and  Card-amomum,  though  some  doubt 
exists  as  to  the  synnnomy  of  these  terms. 

Distilled  oil  of  cardamom  was  known  about  15-10;  having  been 
distilled  by  Valerius  Cordus.4  The  yield  was  determined  by  Neu- 
mann.0 Martius,"  Cartheuser  and  Spielmann.T 

Origin  and  Preparation.  The  cardamom  oil  of  commerce  is  not 
distilled  from  the  officinal  Malabar  cardamom  from  Elettaria  carda- 
momum  White  et  Matt  on.  but  from  the  long  Ceylon  cardamom.  This 
variety  was  designated  E.  c.  var.  fi  by  Fliickiger."  Formerly  it  was 
considered  a  separate  species,  the  E.  major  Smith. 

The  Ceylon  cardamoms  grow  wild  in  the  forests  of  the  inner  and 
southern  provinces  of  the  island.  The  ground  fruits  are  distilled  yield- 
ing 4 — 6  p.  c.  of  oil.  In  an  experiment  in  which  the  seeds  and  the 
empty  capsules  were  distilled  separately,  the  former  yielded  4  p.  c,  the 
latter  0.2  p.  c.  of  oil. 

1)  The  Ant  Investigation  ol  ginger  oil  *|    De    artlflcioalH    extractlontbUH,    tol. 

by  Papouack  In  1802  threw  no  light  od  Its  338, 

composition.     Sitzongaberlrhte  der  Akade-  >)  Chemla  medic*.  Vol.  1,  p.  828. 

mh'  der  Wlesen  Kb  alien  iu  Wten,  9,  p.  81  ii.  *)  Mcliwelgger'n    Jonrn.    I.    Ohem.   uml 

— Ueblg'i  Annalen,  84.  p.  352.  I'hyn.,  8,  p.  311. 

')  Journ.  I.  prakt.  Chemle,  II,  40.  p.  18.  >)  Cardamom)  hi*  turf  a  et  vlndlclae. 

'I  Pharm.  Journ.,  III.  12.  p.  248.  »)  Pharmacographla.  2nd  eil.,  p.  644. 


byGoogle 


816  Special  Part. 

Properties.  The  Ceylon  cardamom  oil  is  light  yellow,  somewhat 
viscid.  It  possesses  the  strong  aromatic  odor  of  the  cardamoms,  and 
a  pleasant,  cooling  taste.  Sp.  gr.  0.895—0.9(15;  <*u=4-12to  +15°. 
The  oil  is  clearly  soluble  in  1—2  and  more  parts  of  80  p.  c.  alcohol. 
With  70  p.  c.  alcohol  it  yields  a  turbid  solution.  The  saponification 
number  lies  between  'SO  and  70. 

The  above  mentioned  oil  from  the  seed  has  the  following  properties : 
sp.  gr.  0.908,  aD  =  +iit°i4';  that  of  the  empty  capsules:  sp.  px. 
0.908,  «D  =  +9°  48'. 

Composition.  After  repeated  fractionation  of  Ceylon  oil.  Weber1  in 
1887  obtained  the  following  four  principal  fractions:  1.)  170—178°; 
2.)  178—182°;  3.)  182— 190°;  4.)  205-220°.  By  passing  hydrogen 
chloride  into  fraction  1,  a  di hydrochloride,  CioHia2HCl,  melting  at  52° 
was  obtained.  With  bromine  no  crystalline  bromide  could  be  obtained. 
On  account  of  the  somewhat  high  melting  point  (2°  higher  than  that 
of  dipentene  di  hydrochloride),  Weber  leaves  it  undecided  whether  the 
di  hydrochloride  obtained  is  due  to  the  presenw  of  dipentene  or  not. 

Fraction  2)  contains  terpinene,  a  terpens  which  is  characterized  by 
the  nitrosite  melting  at  155°  and  which  had  not  been  found  previously 
in  any  volatile  oil. 

Fraction  4)  consists  of  terpineol.  Weber  obtained  with  hydrogen 
chloride  a  chloride  melting  at  52°,  and  with  hydrogen  iodide  an  iodide 
melting  at  76°. 

Although  neither  dipentene  tetra bromide,  obtained  by  Wallach2  from 
terpineol,  nor  phenyl  terpinyl  uretliane8  could  be  obtained,  the  negative 
results  of  Weber  must  be  attributed  to  impurities  which  act  as  disturbing 
factors  in  the  test. 

In  the  course  of  the  distillation  water  was  split  off,  formic  and  acetic 
acid  were  also  formed.  The  latter  indicate  the  pi-esence  of  esters,  the 
amount  of  which  according  to  the  saponification  numlwr  (comp.  proper- 
ties) varies  from  about  10—20  p.  c.  From  the  residue  of  the  fractionation 
a  solid  substance  separated  which,  upon  recrystallization  from  alcohol, 
constitutes  light  laminae  of  a  silvery  lustre  melting  tit  00—61°. 

74.    Malabar  Cardamom  Oil. 

Orioin.  On  account  of  their  high  price,  the  officinal  Malabar  (and 
Madras)  cardamoms  from  Elettnrm  turdamotnurn  White  et  Matton  are 


byGoogle 


Oils  of  the  Zingiberacene.  817 

seldom  used  in  the  manufacture  ol  the  volatile  oil.  The  yield  varieH 
between  2  and  8  p.  e. 

Properties.  The  odor  of  Malabar  cardamom  oil  differs  but  slightly 
from  that  of  the  Ceylon  oil.  Sp.  gr.  0.98«  (HaenseP)  to  0.943 
(Schimmel  &  Co.*);  iD=  +  2fi°i  to  +  *l0M'.a  It  is  soluble  in  4  and 
more  parts  of  70  p.  c.  nlcohol.    Saponification  number  132. 

Composition.  In  an  old  specimen  of  Malabar  cardamom  oil,  Dumas 
and  Peligot8  (1834)  found  prismatic  crystal*  of  terpin  hydrate, 
CioHia  .  3H2O.  Their  presence  was  undoubtedly  due  to  their  formation 
from  terpineol  shown  to  be  present  later.  According  to  Schimmel  &  Co.,* 
the  high  saponification  number  is  due  to  terpinyl  acetate.  The  silver 
salt  from  the  saponification  liquid  corresponds  with  silver  acetate. 
(Found  64.8  and  05  p.  c,  Ag.,  calculated  04.09  p.  c.)  From  the 
saponified  oil  crystallized  d-terpineol  was  obtained  by  fractional  distil- 
lation under  diminished  pressure  (150— 104°  under  14  mm.).  M.  p. 
35—37°;  «d  =  +  81°  37'  (in  the  molten  condition).  It  was  chemically 
identified  by  means  of  dipentene  dihydriodide  (m.  p.  78 — 70°);  terpinyl 
phenyl  urethane  (m.  p.  112—113°);  (also  optically  active  [o]D  =  33° 58' 
at  20°  in  10  p.  c.  alcoholic  solution);  and  terpineol  nitrosochloride. 
The  piperidide  from  the  last  melted  at  151—152°,  eight  degrees  lower 
than  that  of  the  inactive  isomer.     The  oil  also  contains  cineol. 

In  a  recent  investigation  Parry6  has  also  shown  the  presence  of 
limonene. 

75.    Slam  Cardamom  Oil. 

Origin.  Under  the  name  of  "Camphor  seeds,"  so  called  on  account 
of  their  camphor-like  odor,  the  seeds  of  the  Siam  cardamom  from 
Amo/nnm  cardamomum  L.  occasionally  find  their  way  into  the  London 
market.    Upon  distillation,  Schimmel  &  Co.*  obtained  2.4  p.  c.  of  oil. 

Pbopbrtibs.  At  ordinary  temperature,  this  oil  constitutes  a  semi- 
solid mass  having  the  odor  of  camphor  and  borneol.  In  order  to  redis- 
solve  the  crystals,  the  oil  had  to  be  heated  to  42°,  at  which  temperature 
the  oil  had  a  sp.  gr.  of  0.905  and  an  angle  of  rotation  of  +!\8°4'.  The 
saponification  number  wa«  18.8,  after  acetylization  77.2,  corresponding 
to  22.5  p.  c.  of  borneol  in  the  original  oil.  The  oil  is  soluble  in  1.2  vol. 
of  80  p.  c.  alcohol. 

i)  Slldd.  Apotli.-ZeltuiiK,  1896.  p.  688.  *)  Berlcht  von  8.  *  Co..  Oct.  1897,  p. ». 

1)  Berlcht  von  S.  *  Co.,  Oct.  18117,  p.  S.        >)  Phnrm.  Journ.,  68,  p.  105. 
»i  Ann.  d.  (.'him.  et  I'hy-.,  II,  07.  p.  BBS. 
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Composition.  In  order  to  separate  the  stearoptene,  the  oil  was 
cooled  in  ice  and  placed  in  a  centrifuge.  From  800  g.  of  oil,  100  g.  of 
crystals  were  obtained.  Front  the  petroleum  ether  solution,  about  40  g. 
uf  almost  pure  borneol  separated  upon  cooling.  When  purified  by  means 
of  the  benzoyl  ester,  it  melted  at  204°.  and  in  a  10  p.  c.  alcoholic 
solution  had  a  specific  rotatory  power  [«]d=+42°55'  at  20°. 

The  petroleum  ether  mother  liquid,  upon  evaporation,  left  a  granular 
mass  which,  after  reerystallization  from  80  p.  c.  alcohol,  melted  at 
176 — 178°  and  possessed  all  the  properties  of  camphor.  The  osime 
melted  at  118°.  The  rotatory  power  determined  in  alcoholic  solution 
at  20=  was  0]D  =  +  45°17'. 

Thus  the  crystals  which  separate  from  Siam  cardamom  oil  •  consist 
of  d-borneol  and  d-eamphor,  present  in  about  equal  parts. 

76.    Oil  from  Grains  of  Paradise. 

Origin  and  History.  The  seeds  of  the  zingiberaoeous  Amomum 
melegneta  Roseoe,  which  is  indigenous  to  the  coast  of  tropical  West 
Africit,  were  formerly  much  used  as  spice  and  were  known  in  the  apothecary 
shops  as  Grant*  parodist,  Semiua  vardamomi  majoris  or  Piper  meleguetn. 
The  plant  grows  from  the  Congo  to  the  Sierra  Leone  and  a  part  of 
this  coast  district  is  known  by  the  name  of  the  drug  as  the  Pepper-  or 
Melegueta  coast.  T'pon  distillation  on  a  small  scale  of  the  grains  of 
paradise.  O.it  p.  c.a  were  obtained,  upon  a  larger  scale  0.7i»  p.  c.  of  oil.8 
This  oil  was  distilled  by  Porta*  at  the  beginning  of  the  seventeenth 
century  and  used  medicinally. 

Properties.  The  oil  from  the  grains  of  paradise  is  a  yellowish 
liquid,  of  a  spicy  but  scarcely  characteristic  odor.  Sp.  gr.  0.894  ;8 
«u=— 3°58'.  It  l>egins  to  boil  at  230°,  the  principal  portion  passing 
over  between  257—258°.  The  results  of  an  elementary  analysis  of  thin 
fraction  corresponded  with  the  formula  CsoHsaO. 

77.    Bengal  Cardamom  Oil. 

Oriuin.  Bengal  cardamoms,  from  Amomum  aromaticam  Roxb.,° 
upon  distillation  yield  1.12  p.  c.  of  volatile  oil. 


>)  Pharmacog:rapbla.  2nd  ed..  p.  688. 
«)  Bericht  von  S.  &  Co.,  Oct.  1B9T,  p.  10. 
*)  De  Destination*,  lib.  IV,  C.  4. 

<•)  Fltlrktirer  {I.  c.)  Riven  tbe  ■».  gr.  aa  0.825,  which  may  be  dne  to  a  printer' 
■I  According    to    E.    M.    Holm™,    Bengal    cardamom*    are    derived   li 
■timattcaia   Rnxb..  and  not  hi   Flnckl«er  Htates  la    Pharmacopraphla  Ji 
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Properties.  This  oil1  has  a  light  yellow  color,  and  possesses  a 
derided  odor  of  cineol;  sp.  gr.  I). 920  at  15°;  aD  =  — 12°  41'.  It  forms 
a  clear  solution  with  one  and  more  parte  of  80  p.  c.  alcohol.  Upon 
distillation  the  bulk  of  the  oil  passes  over  below  220°,  leaving,  how- 
ever, considerable  residue  in  the  flask. 

Composition.  The  only  known  constituent  of  the  oil  is  cineol.  It 
was  identified  by  means  of  the  hydrobromide,  regeneration  of  the  pure 
cineol  boiling  at  175—176°,  sp.  gr.  0.024,  and  conversion  into  cineolic 
acid  (m.  p.  197°). 

Inasmuch  as  the  characteristic  cardamom  odor  is  wanting,  the 
Bengal  oil  cannot  take  the  place  of  the  Ceylon  oil  and  is,  therefore, 
without  practical  value. 

78.  Cameroon  Cardamom  Oil. 

Origin.  The  plant  from  which  the  so-called  Cameroon  cardamom 
is  obtained,  is  not  yet  known.  Upon  distillation  of  the  fruit  Schimmel  & 
Co.  obtained  2.33  p.  e.  of  oil. 

Properties.  The  oil  smelts  strongly  of  cineol  and  cannot,  there- 
fore, be  taken  as  a  substitute  for  the  (Ceylon  oil.  Sp.  gr.  0.007  2  to 
0.0071  (Haensel8);  «D=—  20° 34'*  to  —20°  30'. "  The  oil  forms  a 
clear  solution  with  7 — 8  p.  of  80  p.  c.  alcohol. 

Composition.  The  only  known  constituent  is  cineol,  identified  by 
means  of  the  cineol-iodol  reaction.3 

79.  Korarlma  Cardamom  Oil. 

Korarim a  cardamoms,  formerly  known  as  Cnrdamomum  mqjus.  have 
the  form  and  size  of  a  small  flg.  They  come  from  the  countries  south 
of  Abyssinia,  but  are  seldom  found  in  the  European  markets.  The 
mother  plant  of  this  species,  theAtnomnm  tuigustifolium  Sonnerat  attains 
a  height  of  4 — 5  m.  and  has  orange-yellow  blossoms  and  scarlet  fruits. 
The  latter  are  eaten  by  the  natives.  The  plant  is  common  along 
the  rivers  in  British  Central  Africa,  and  occurs  also  in  the  islands  of 
Mauritius  and  Madagascar  (Hanbury*).  The  roots  have  a  slight 
ginger-like  taste,  the  leaves  are  more  aromatic.6  The  oil  from  the  fruits 
was  distilled  by  Schimmel  &  Co.0  in  1877,  a  yield  of  2.13  p.  c.  being 
obtained. 


i)  Berlcht  Ton  H.  &  Co. 
p.  48. 

i)  Berlcht  von  S.  *  Co., 
p.  10. 

>)  Sodd,  Apoth.  zeltang. 

,  Apr.   1887. 
Oct.   1897. 
88,  p.  68  B. 

*J  Science  Papers,  p.  1 

»>  Bull.    Royal  Garden 

p.  288.— Rel.  Apt.-Zt.,  18, 

»)  Berlcht  von  8.  &  Co. 

■  K«w„  No.  142, 
p.  873 
,  Jan.  187S,  p.  T. 
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80.    Oil  of  Black  Pepper. 

Oleum  Piperis.— PfefferiH.—  Essence  de  Polrre. 

Origin  and  Hibtorv.  The  unripe,  dried  berries  from  Piper  nigrum  L.. 
a  climber  of  the  family  Piperace&e,  which  was  originally  indigenous  to 
southern  India,  are  obtained  from  plants  cultivated  in  different  parts 
of  southern  India,  in  numerous  islands  of  the  Indian  Archipelago,  the 
Philippines  and  in  the  West  Indies. 

The  ripe  berries,  after  the  removal  of  the  peri-  and  mesoenrp,  con- 
stitute the  white  pepper  of  commerce. 

Pepper  has  been  highly  prized  since  antiquity.  Like  gold  it  was  used 
as  a  medium  of  exchange  and  as  an  article  of  tribute.  Pepi>er  was  used 
as  a  symbol  of  the  spice  trade.  Even  in  Rome  the  dealers  in  spices  were 
known  as  I'iperarii,  later  in  France  as  Pfbrium,  and  in  England  as 
pepperers. 

Inasmuch  as  the  more  common  spices  were  frequently  distilled,  the 
distilled  oil  of  pepper  may  have  been  known  during  the  middle  ages. 
It  is  first  mentioned  by  Sal  ad  in  and  described  by  Valerius  (Jordus,  later 
by  Giov.  Batt.  Porta.  Winther  of  Andernach,  who  distilled  the  oils  of 
pepper,  cinnamon,  cloves  etc.,  about  1750,  first  described  the  process  of 
distillation.  In  medical  treatises,  it  is  first  mentioned  in  the  lriHO  edition 
of  the  Dispensatorium  Noricum,  in  the  ,JApothekertaxe"  of  Berlin  for 
1574  and  that  of  Frankfurt  for  15S2.  Rheede  also  described  oil  of 
pepper  in  Hi88. 

The  first  examinations  of  the  constituents  of  jiepper  were  made  by 
Neumann1  and  by  Gaubius,8  later  by  Willert,8  Oerstedt4  and  Pelletier.6 

Preparation.  The  comminuted  black  pepper,  the  unripe  fruit  of 
Piper  nigrum  L..  upon  distillation  with  water  vapor  yields  1  to  2.3  p.  c. 
of  volatile  oil.  Worthy  of  notice  is  the  formation  of  ammonia,  which  is 
also  observed  in  the  distillation  of  several  other  oils,  viz.  the  oils  of 
ginger,  pimenta  and  cubebs. 

White  pepper,  which  is  obtained  from  the  ripe  berries,  also  the 
pericarp  removed  in  its  preparation,  contains  volatile  oil."  Whether 
this  agrees  with  the  oil  from  black  pepper  is  not  known, 

i)  Grniidltcbe  rait  Kiperlnietiten  erwieBene  Cnyrale.  Edltlo  C.  U.  Kesael.  1789.  Vol. 
•2.  Part  4.  p.  U. 

»)  Gaabil,  A  d  versa  riorum  varll  argHmentl  liber  unim.    1771.    Chap.  5,  p.  Bii, 

t)  T  id  mm  ado  rtf »  Journ.  <Ier  Pharmnele,  20,  II,  p.  44. 

i|  Sen  wringer's  Journ.  fur  Cbemle  und  I'hy-lli.  ail.  p.  80. 

5)  TrommBdorn"n  NeueH  Journ.  d.  Pharin..  (I,  II,  p.  hbb. 

•I  LucH  (Troninwilortf's  TaRChenbupb  IBr  Chemlker  und  Pbarniareuten.  1S23.  p.  SI ) 
obtained  1.61  p.  c.  o(  oil  Iroin  white  pepper. 
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Properties.  A  colorless  or  yellowish-green  liquid  of  more  or  lees 
distinct  phellandrene-like  odor,  and  a  mild,  by  no  means  sharp  taste. 
Sp.  gr.  0.87  to  0.90.  It  deviates  the  ray  of  polarized  light  either  to 
the  right  or  left.  The  degree  of  deviation  as  observed  on  rather 
meagre  material  varies  from  —5°  2'  to  +2°  27'.  In  alcohol  it  is 
rather  difficultly  soluble,  mostly  requiring  about  15  p.  of  90  p.  c. 
alcohol  to  effect  a  clear  solution.  On  account  of  the  large  phellandrene 
content,  the  phellandrene  test  with  sodium  nitrite  and  acetic  acid, 
is  as  a  rule,  though  not  invariably,  successful  directly  without 
fractionation. 

Composition.  As  shoVn  by  the  first  analyses1  (1835)  oil  of  pepper 
is  almost  free  from  oxygen.  This  fact  was  verified  by  the  examination 
of  Eberhardta  (1887)  who  obtained  87.26  p.  c.  C.  and  10.81  p.  c.  H.  as 
the  results  of  an  elementary  analysis.  The  highest  fractions  of  the  oil 
boiling  between  170  to  310°  were  colored  green.  Fraction  169.5  to  171° 
had  the  composition  of  a  terpene;  fraction  176°  yielded  terpin  hydrate 
when  treated  with  alcohol  and  acid. 

Although  fraction  176  to  180°  upon  bromination  yielded  dipentene 
tetrabromide  melting  at  122  to  123°,  Kberhardt  regarded  the  terpene 
as  not  identical  with  any  of  the  known  terpenes.  As  was  shown  later 
by  Schimmel  &.  Co.,8  oil  of  pepper  contains  phellandrene,  which  is 
evidently  laevogyrate,  the  fraction  from  which  it  was  obtained  turning 
the  plane  of  polarized  light  10°  to  the  left. 

The  formation  of  the  tetrabromide  by  Eberhardt  from  fraction 
176  to  180°  reveals  the  presence  of  dipentene.  It  is  still  a  question, 
however,  whether  dipentene  is  contained  M  the  original  oil  or  whether 
it  was  formed  from  the  phellandrene  by  the  repeated  distillation  of 
the  oil.* 

It  also  remains  undecided  to  which  terpene  the  terpin  hydrate  owes 
its  origin.  That  dipentene  can  be  converted  into  terpin  hydrate  is 
known.  Whether  phellandrene  also  will  undergo  this  change  has  not 
yet  been  ascertained. 


>>  An  aiialj-Bln  ol  the  oil  by  Dumas  (Lleblg'e  Ann&len,  lfl.  p.  159)  yielded  remits 
agreeing  with  the  formula  C,olI1B;  comp.  also  Soubelrnn  A  Capltalne  (1840),  Lleblg'a 
A  minim,  84,  p.  821. 

■)  Arctalv  d.  Pharm..  223,  p.  515. 

■)  Berlcht  von  S.  &  Co.,  Oct.  1890,  p.  89. 

*)  Walloon  states  iLleblg'n  Annalen,  287,  p.  .172):  that  alia  containing  phellandrene 
should  not  be  distilled,  at  leant  not  repeatedly,  under  ordinary  pressure,  since  phellan- 
drene undergoes  changes  when  subjected  to  such  treatment. 

21 
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81.    Pepper  Oil  from  Long  Pepper. 

Origin  and  History.  The  spikes  with  the  compact  berries  of  two 
species  of  Piper  or  Cbavfca,  viz.  P.  ofRciniirum  D.  C.  (C.  officinarum 
Miqu.)  and  P.  longum  L.  (C.  roxbarghii  Miqu.)  are  known  as  long 
pepper.  Both  species  grow  in  the  islands  of  the  Indian  Archipelago,  the 
latter  also  in  the  Philippines,  in  southern  India,  Bengal,  Malabar  and 
Ceylon.    The  fruit  is  collected  while  immature  and  dried. 

The  distilled  oil  from  long  pepper  is  mentioned  in  the  drug  price 
ordinances  of  1589  and  was  admitted  to  the  Dispensatorium  Noricum 
of  1589.  The  first  examination  of  long  pepper  was  made  by  Winckler 
in  1827.1 

Preparation  and  Properties.  Upon  distillation,  long  pepper  yields 
1  p.  c.  of  a  viscid,  yellowish-green  oil  of  sp.  gr.  0.861.  It  distills 
between  250  and  300°,  has  a  mild  taste  like  pepper  oil  and  an  odor 
reminding  of  ginger.* 

82.    Oil  from  Piper  Ovatum. 

Besides  other  constituents,  the  leaves  of  Piper  ovatum  (?)  contain 
a  terpene  (Dunstan  and  Garnett,8  1895). 

83.    Oil  from  Aah&nti  Pepper. 
According  to  Herlant*  the  fruits  of  Pij)er  clusii  D.  C,  Aslianti  pepper, 
contain  11.5  p.  c.  of  volatile  oil. 

84.    Oil  of  Cufaebs. 

Olenm  Cubebarum. — (' u beben51.— Essence  de  Cnbebe. 

Origin  and  History.  The  berries  from  the  piperaceous  climber 
Piper  eubeba  L.  {Cubeba  officinalis  Miquel)  are  mostly  brought  into 
commerce  via  Batavia  and  Singapore.  The  shrub  is  indigenous  to  the 
large  Sunda  islands  and  is  there  cultivated,  also  in  Ceylon  and  other 
tropica]  islands. 

Cubebs  were  first  examined  by  WedelH  in  1704,  soon  after  by  Neu- 
mann,«  in  1810  by  Trommsdorff,*  and  in  1821  by  Vauquelin.s    The 

1)  Awhlv  (1.  Pharm.,  SO,  p.  89. 

>)   Berieht  von  8.  ft  Co.,  Apr.  1890,  p.  48.     Com  p.   also   Dulonx   (1825),  Journ.   do 
Pharm.  II,  11,  p.  ,',y.— Ti-ummsdrirff's  Neues  Journ.  d.  Pharm.,  11,  I.  p.  10*. 
»  Chem.  News,  Tl,  p.  88. 

•)  Acad.  Roy.  de  Med.  de  Belfflque.  18»4,  p.  11?;  Jahresb.  d.  Tharm.,  1893,  p.  142. 
•)  De  cubeblx.    Dlnaertatio.    Jenae  1705. 
')  Lectiouea  chymlcl. 

')  TrommHdortt'B  Ji)urn.  der  Pharm.,  20,  I,  p.  6B. 
8)  Trommadorff'B  Tnwhonb.  fQr  Chein.  und  Pharm.,  1822.  p.  195. 
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volatile  oil  was  known  to  Valerian  Cordus  before  1340  ;*  in  price 
ordinances  it  first  receives  mention  in  that  of  Frankfort-on-the-Main 
in  1582. 

Preparation.  Comminuted  cubebs  upon  distillation  with  water- 
vapor  yield  10 — 18  p.  c.  of  oil.  In  the  course  of  the  distillation  ammonia 
is  given  off,  the  formation  of  which  is  no  more  understood  in  this  case 
than  in  the  distillation  of  ginger,  pepper,  pimenta  and  other  drugs. 

Properties.  Cubeb  oil  is  a  viscid,  light  gTeen  or  bluish-green  oil. 
It  is  colorless  only  when  the  last  portions  of  the  distillation,  which 
are  blue,  have  not  been  added  to  the  product.  It  possesses  the  character- 
istic cubeb  odor  and  a  warm,  camphor-like  taste,  which  finally  becomes 
grating.    8p.  gr.  0.915  to  0.930;  aD  =— 25  to  —40°. 

The  solubility  in  90  p.  c.  alcohol  varies  greatly.  Some  oils,  pre- 
sumably from  old  cubebs,  are  soluble  in  an  equal  part,  others  require 
10  p.  c.  of  this  alcohol  to  effect  solution.3 

The  bulk  of  the  oil  distills  »  between  250—280°.  A  quantitative 
fractionation  yielded  the  following  result:* 

1)  from  175—250°  =     8.2  p.  c. 

2)  "  250-260°  =  2(1.8  " 
8)  "  260-270°  =  47.6  " 
4)     "     270-280°  =     7.2     " 

above  280°  -     ».2     " 
100.0  p.c. 

Oils  distilled  from  old  cubebs,  which  contain  the  cubeb  camphor 
described  below,  are  heavier  than  the  normal  and  can  be  recognized  by 
their  behavior  toward  potassium.  A  piece  of  potassium  or  sodium, 
immersed  in  Buch  an  oil,  loses  its  lustre  and  is  covered  with  a  crust, 
whereas  an  oil  distilled  from  fresh  cubebs  does  not  attack  the  metal 
(Schmidts  1870). 

Composition.  From  the  behavior  toward  potassium  it  becomes 
apparent  that  the  oil  from  fresh  cubebs  is  almost  devoid  of  oxygen, 
consisting  only  of  terpenes  and  sesquiterpenes.  On  the  other  hand  the 
reaction  of  the  oil  from  old  cubebs  is  to  be  attributed  to  cubeb  camphor. 

1)  Annotation™,  1.061,  fol.  228. 

»t  Ths  requirement  of  the  L'.  S.  P.,  according  to  which  the  oil  In  to  bo  soluble  In 
All  equal  Tolume  of  B0  p.  c.  alcohol  la,  therefore,  too  exacting. 

»)  Oils  containing  cubeb  camphor  undergo,  on  distillation,  partial  decomposition  with 
the  elimination  ol  water.    Schaer  *  Wyw  (1ST5),  Archly  d.  Pharm..  200,  p.  822. 

*1  Pharm.  Jonrn.,  Ill,  25,  p.  SGI. 

«>  Archlr  d.  Pbann..  1B1,  p.  28. 


byGoogle 


324  Special  Fart. 

From  the  lowest  boiling  fractions  a  small  amount  can  be  collected 
between  158—163°  by  systematic  fractionation.  It  consists  of  a  laevo- 
gyrate  terpene  (Oglialoro,1  1875),  (od  =  — 35.5°)  presumably  pinene  or 
camphene.  Furthermore  dipentene  was  identified  (dihydrochloride, 
m.  p.  48— 49°)  in  the  fraction  below  200°  (Wallach,*  1887). 

As  already  stated,  the  bulk  of  the  oil  distills  between  250  and  280° 
and  consists  of  two  laevogyrate  sesquiterpenes.1  The  one,  b.  p.  262— 263°, 
has  the  lesser  rotatory  power,  does  not  combine  with  hydrogen  chloride, 
and  has  not  yet  been  further  examined.  The  second  yields  a  dihydro- 
chloride,8 C15H24.2HCI,  melting  at  118°  and  is  identical  with  cadinene. 
Although  pure  cadinene  bcils  at  274 — 275°,  almost  the  total  amount 
of  the  hydrocarbon  is  obtained  in  lower  boiling  fractions  from  which  the 
dihydrochloride  separates  upon  saturation  with  hydrogen  chloride. 

Cubeb  camphor*  is  a  sesquiterpene  hydrate,  possibly  an  alcohol  of 
the  composition8  CisHasOH.  It  is  laevogyrate,  crystallizes  in  rhombic 
forms  and  melts  according  to  different  authors  at  65°, ■  67°  T  and  70°, 8 
It  is  rather  unstable,  decomposing  when  kept  over  sulphuric  acid  into 
sesquiterpene  and  water.8  It  boils  at  148°  giving  off  part  of  its  water." 
The  dehydration  is  complete  when  heated  for  some  time  to  200—250°. 
The  resulting  sesquiterpene  has  not  yet  been  examined. 

The  fact  that  cubeb  camphor  is  found  only  in  old  cubebs,  leads  to 
the  supposition  that  it  is  formed  by  the  hydration  of  the  oil  when  the 
berries  are  exposed  to  a  moist  atmosphere. 

SB.    Oil  from  Piper  Lowong. 
From  the  fruit  of  Piper  lowong  Bl.,  known  as  false  cubebs,  Peine- 
maiin10  in  1896  obtained  by  distillation  with  water  vapor  12.4  p.  c.  of 
an  almost  colorless  oil  with  a  sp.  gr.  of  0.865. 

■)  Gail.  (-hiTii.  tt.nl.,  S,  p.  +07:    Berlcbte,  8.  p.  1837. 

*)  LleblK'*  Annalen,  23S.  p.  78. 

•  )  This  was  first  obtained  by  Soubelran  and  Capital ne  In  1840  (Lleblff'n  Annalen. 
34,  p.  323),  and  recognlxed  by  them  a*  sesquiterpene  dihydrochloride.  Later  It  »-u 
examined  by  Schmidt,  Schaer  ft  Wyas,  aleo  by  Wallace. 

4)  Cubeb  camphor  wag  Bret  observed  by  Teechemacher  at  the  beginning  of  this 
century.  It  was  also  examined  by  Mailer  in  1832.  LleblB>  Annalen.  2,  p.  BO:  by 
Blanche!  ft  Sell  In  1888,  Lleblge  Annalen,  6,  p.  2114;  by  Wlnckler  In  1888,  Ueblge 
Annalen,  8,  p.  2U8:  by  Schmidt  In  1870,  Archlr  d.  Pharm.,  191,  p.  28,  and  Berichle, 
10,  p.  188;  aleo  by  Schaer  ft  Wye*  In  1873.  Archly  d.  Pharm.,  206,  p.  316. 

*>  Schmidt,  Schaer  ft  Wyes,  loe.  clt. 

■)   Schmidt,  loc.  clt. 

I)  Schaer  ft  Wyes,  loc.  clt. 

»)  Wlnckler,  loc.  ctt. 

>)  Thin  Ion  bulling  point  lor  a  Ht'miu I  terpene  Is  rather  remarkable  and  probably  doe 
to  the  partial  decomposition. 
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Upon  distillation  it  can  be  resolved  into  two  principal  fractions,  bat 
partial  decom position  takes  place  whether  distilled  under  ordinary  or 
diminished  pressure. 

Fraction  1,  constituting  40  p.  c.  of  the  oil,  boils  between  165—17.'°, 
and  is  colorless;  Bp.  gr.  0.8~»4  at  20°;  an  =  +  22°. 

Fraction  2,  constituting  84  p.  c.  of  the  oil.  boils  between  230— 255°, 
and  is  colored  yellow;  sp.  gr.  0.9218;  optically  inactive. 

At  270°  a  bluish-green  fraction  is  obtained. 

From  a  fraction  110—148°  under  17  mm.  small  crystals  separated 
upon  standing,  which  after  recrystallization  from  chloroform  melted 
at  164°. '  An  elementary  analysis  yielded  results  corresponding  with  the 
rather  improbable  formula  CioHin  .  2Hs0. 

86.    Matico  Oil. 
0U.nni  Faltorum  Matico.— Mutlcool.— Essence  de  Mattes. 

Origin.  Piper  angustifolium  Ruiz  et  Pavon,  indigenous  to  South 
America,  is  stated  to  be  the  mother  plant  of  the  matico  leaves.  Inas- 
much, however,  as  the  term  Matico  is  applied  to  a  number  of  plants, 
the  leaves  of  which  can  hardly  be  distinguished  from  the  genuine,  it  is 
not  surprising  that  mistakes  are  frequent  and  that  the  genuine  article 
cannot  be  had  at  times.  Recently  imported  matico  leaves  differ  but 
little  in  appearance  from  those  formerly  in  commerce,  but  considerably 
in  the  amount  of  oil  they  contain  and  in  the  properties  of  this  oil. 
Whereas  formerly  1—3.5  p.  c.  of  an  oil  lighter  than  water  was  obtained. 
now  3— 6  p.  c.  of  an  oil  heavier  than  water  results. 

Properties.  The  matico  oil  of  former  years  had  a  sp.  gr.  of 
0.93 — 0.99  and  was  slightly  dextrogyrate.  It  was  a  viscid,  more  or 
less  dark  colored  liquid  the  odor  of  which  reminded  of  cubebs  and  mint. 

The  more  recent  matico 2  oil  is  yellowish-brown ;  has  a  sp.  gr.  1.06— 
1.13;  slightly  laevogy rate  ["]d=—  0°2.V,  or  dextrogyrate  up  to +  5° 34'. 
The  odor  reminds  of  that  of  Aaarum  europaeum.  The  oil  is  soluble  in 
10  p.  of  80  p.  c.  alcohol  and  in  equal  parts  of  90  p.  c.  alcohol. 

Composition.  Matico  camphor  which  was  discovered  by  Fliickiger8 
and  which  has  been  examined  as  to  its  physical  properties  only,  is  the 
only  known  constituent  of  the  old  matico  oil.  It  was  obtained  by  distil- 
ling off  those  portions  of  oil   boiling  below   200°.     From  the  residue 

I)  Ponlbl.T  thin  substance  la  Identical  with  the  atearoptene,  of  like  melting  point, 
found  In  Juniper  oil. 

i)  An  oil.  which  evidently  via  obtained  from  a  third  variety  t>  [leaves  (yield  0. if  p.  e.), 
bad  a  up.  icr.  of  0.933  and  a  rotatory  power  a,  ^  —37°  28'. 

■)  Pharmacognosy.  Ill  ed..  p.  747. 
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the  camphor  crystallized  out  in  hexagonal  prisms  2  cm.  long  and 
-"i  mm.  thick.  Frequently  it  also  crystallized  from  the  oil  when  exposed 
to  the  cold. 

Matico  camphor,  which  when  pure  is  odorless  and  tasteless,  is  readily 
soluble  in  alcohol,  ether,  chloroform,  benzene  and  petroleum  ether.  The 
melting  point  of  the  crystals  lies  at  94°  (Hintze1).  It  is  optically 
active  (Traube2).  In  chloroformic  solution  [«]d  = — 28.73°  at  15°. 
In  a  molten  condition,  calculated  for  1">°,  Mn  =— 29.17°.  The  specific 
rotatory  power  of  the  crystals  is  about  eight  times  as  great,  being 
—  240°  for  a  plate  100  mm.  thick. 

The  identity  of  matico  camphor  with  ethyl  camphor,  CioHisfCaHslO, 
was  regarded  probable  by  Kiigler8  who  baBed  his  supposition  on  an 
elementary  analysis.  The  fact,  however,  that  ethyl  camphor*  is  a  liquid 
having  the  odor  of  camphor,  where.au  matico  camphor  is  odorless  with 
a  great  tendency  to  crystallize,  seems  to  speak  against,  this  assumption.* 

The  new  matico  oil  contains  no  matico  camphor.  From  an  oil 
distilled  by  Schimmel  &  Co.5  (sp.  gr.  1.077;  an  =— 0°25')  a  substance 
separated  which,  after  repeated  crystallization  from  petroleum  ether 
melted  at  (12°  and  which  proved  to  be  asarone.  The  dibromide  melted 
at  85—86°,  and  the  asarylic  acid,  obtained  by  oxidation  with  perman- 
ganate, at  144°.  The  oil  possibly  also  contains  methyl  eugenol,  for 
upon  oxidation  with  permanganate  it  yielded  an  acid  melting  at  174° 
which  probably  was  identical  with  veratric  acid. 

87.    Oil  from  Art  an  the  Genlculata. 

The  leaves  of  AH&nthe  geniculate  Miq.,  known  in  Brazil  as  "false 
jaborandi,"  yield  small  amounts  of  a  light  greenish  oil,  of  a  spicy, 
somewhat  mintlike  odor  and  pungent,  burning  taste.8 

88.    Oil  of  Betel  Leaves. 

Oleum  Folloram  Bctlc  — Iteteliil. Essence  lies  Fen  Me  lies  Betel. 
Origin.    The  ancient  custom  of  betel  chewing  practiced  in  the  Malayan 
Archipelago  and  in  southern  China  consists  in  chewing  a  betel  leaf  (Sirih) 

i)  Tscheriiiak'B  Mineral.  Mltth..  1874,  p.  227. 

a)  Zeltwhr.  I.  Kryst.,  22,  p.  47. 

»)  Herichte,  1«.  p.  2S41. 

*1  Compt.  rend  .  68.  p.  222. 

»)  Berlrht  von  S,  &  Co..  Oct.  I89S.  p.  87. 

»)  Perkolt.  Pharm.  Rundachau,  12,  p.  2H6.  ■— Artaatlie  grnlcalsta  Mlq.  and  Piper 
aa/curt Milium  Ituli  et  ["avon  are  acrordtnK  to  LOrese  >.  Medic.  Pharm.  Botanlk.  vol.  2. 
p.  .">1<  nvnonj-moii«  terms.    Thin  oil,  therefore,   la  probably   Identical  with  one  of  the 
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from  Piper  betleh.  (Ch&vica  tietle  Miq.)  with  some  lime,  gambier  (from 
Uncaria.  gambir  Roxb.)  and  a  piece  of  betel  nut  from  Areca  catechu  L.1 
The  betel  leaves  owe  their  spicy,  burning  taste  to  a  volatile  oil  which 
has  been  repeatedly  prepared  and  investigated,  but  which  has  not  yet 
found  any  practical  application  worth  mentioning. 

History.  When  and  by  whom  betel  oil  was  first  distilled  is  not 
known:  it  is  highly  probable  that  the  preparation  of  the  oil  by 
Kemp3  in  1885  was  not  the  first.  A  superficial  examination  of  Siarn 
betel  oil  in  the  laboratory  of  Schimmel  &  Co.8  in  1887  revealed  the 
presence  of  a  phenol  in  fraction  250— 2(J0°,  which  seemed  to  correspond 
with  eugenol.  Eykman,*  who  in  1888  examined  an  oil  distilled  by  him- 
self in  Java,  found  no  eugenol,  but  a  new  phenol  which  he  called  chavicol. 
A  second  examination  in  the  laboratory  of  Schimmel  &  Co.  revealed  the 
fact  that  Siam  betel  oil  contains  neither  eugenol  nor  chavicol,  but  a 
third  phenol,  a  previously  unknown  isomer  of  eugenol,  which  Bertram 
and  Gildemeister8  in  1889  termed  betel  phenol 

Properties.  Betel  oil  is  a  light  yellow  to  dark  brown  liquid  of 
aromatic,  somewhat  creosote-like  odor,  reminding  of  tea,  and  with  a 
pungent  taste. 

The  sp.  gr.  varies  between  0.958  and  1.044 ;  the  oil  from  fresh  leaves 
being  lighter  both  in  weight  and  color  than  that  distilled  from  the  dried 
material.  The  rotatory  power  was  observed  on  three  samples  of  oil  from 
fresh  leaves.  Of  these  two  were  laevogyrate  (an  up  to  — 1°45')  and  one 
dextrogyrate  («d=+2°43'). 

With  ferric  chloride  the  alcoholic  solution  of  betel  oil  produces  a 
greenish  to  bluish-green  color. 

Source,  yield,  physical  properties  and  composition  of  the  betel  oils 
thus  far  examined  are  given  in  the  following  table  (see  next  page). 

Composition.  Of  the  two  phenols  found  in  betel  oil.  betel  phenol  and 
chavicol,  only  the  former  has  been  found  in  all  oils  and  may,  therefore, 
be  regarded  as  the  characteristic  constituent  of  betel  oil.  Chavicol, 
which  so  far  has  been  found  only  in  the  Java  oil,  does  not  occur  in  the 
Manila  or  Siam  oils. 

i)  The  detalli  conceruina  betel  chewing  and  the  constituents  o(  the  "' Betel- Apotbeke" 
owned  by  almost  every  Malay  family  are  described  In  Tschlrch's  work,  "lndlnche  Hell- 
und  Nuupttanien"  (Berlin  1892,  p.  IBS.    See  also  True.  Phariu.  Review.  14,  pp.  180,  ITT. 

ij  PharmacoBraphla  Indies,  part  VI,  p.  18S. 

>)  ISerlcht  von  S.  *  Co.,  Oct.  1847,  p.  S*. 

•)  Chemlker-Zeltiinfr,  12,  p.  1SSS. 

■)  Joom.  I.  prakt.  Chemle.  II,  SW,  p.  846. 


»,  Google 


Origin,  Material  used 
and  Yield 

Sp.   Or. 

Od 

Constituent!! 

I. 

Leaves  dried  od  hot 
plates.    Yield  0.6  p.  c. 

1.024 
at  15° 

- 

Betel  phenol, 

II. 

LeHvpH  dried  by    ex- 
Yield  O.a  p.  c. 

1.020 

at  15° 

- 

Cadinene, 

III. 

Manila.* 

Freeh  leaves. 
Yield  0.37  p.  e. 

,3.044 
at  15° 

- 

Betei  phenol. 

IV. 

Java.8 

Fresh  leaves. 

0.959 
at  37° 

— 1°45' 

Chavicol, 
Betel  phenol, 
Sesqn  i  terpene. 

V. 

Probably  frenh  leaves. 

0.958 

at  15° 

+  2°  45' 

1 

VI. 

Bombay." 

Fresh  leaves. 

0.9404 

at  28° 

Slightly 

laevogyrate 

1 

Betel  phenol  (chavibetol),  CioHiaOa,  contains  the  same  aide  chai 
as  its  isomer  eugenol,  but  in  different  positions. 


I 


«\       /COH 

COCHa 
Hugenol. 


HIV 

I 


: 


HC/       \CH 

I      !    . 

HC\       /CH 


,-COCHs 
\S  \^ 

coh  con 

Betel  phenol.  Chavicol. 

Betel  phenol6  is  a  liquid  with  marked  refractive  power,  and  possesses 
a  peculiar,  not  unpleasant  but  persistent  betel  odor,  which  differs  greatly 


')  Berlcht  von  S.  A  Co.,  Apr.  18S1,  p.  6,  and  Oct.  1 

»)  Berkhte,  22,  p.  2786. 

*)  Rericht  von  8.  4  Co..  Oct.  1893.  p.  45. 

•>  Pbarm.  Jonm..  III.  20,  p.  749. 

*)  Bertram  &  (i  1 1 ilern Pinter,  lot.  clt. 
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from  that  of  the  closely  related  eugenol.  When  pure,  betel  phenol  boils 
without  apparent  decomposition  at  254—255°  (at  131—132°  under 
12—18  mm.  pressure)  and  has  a  sp.  gr.  of  1.067  at  15°.  In  alcoholic 
but  not  in  aqueous  solution  it  yields  an  intensely  bluish-green  color 
with  ferric  chloride. 

Betel  phenol  can  be  identified  by  means  of  its  benzoyl  derivative, 
which  crystallizes  in  laminae  and  melts  at  49—50°.  (Benzoyl  eugenol 
melts  at  69—70°).  Acetyl  betel  phenol  boils  at  275—277°  and  melts  at 
—5°  (acetyl  eugenol  melts  at  30—31°),  and  upon  oxidation  with  perman- 
ganate yields  acet-iso vanillic  acid,  m.  p.  207°. 

Chavicol,1  also  a  phenol,  has  so  far  been  definitely  shown  to  be 
present  only  in  betel  oil  from  Java.  Chavicol  or  para  hydroxy  allyl 
benzene  (comp.  p.  179)  boils  at  237°  and  has  a  sp.  gr.  of  1.041  at  13°. 
Its  aqueous  solution  is  colored  intensely  blue  with  ferric  chloride,  the 
alcoholic  .solution  but  faintly  bine. 

An  oil  distilled  by  de  Vrij  in  Java,  when  examined  in  the  laboratory 
of  Schimmel  &  Co.*  was  found  to  contain  in  addition  to  betel  phenol  a 
second  phenol,  which  is  probably  identical  with  chavicol.  The  benzoyl 
compound  crystallized  in  Ion*  needles  and  melted  at  72—73°. 

Another  oil  distilled  in  Manila  from  fresh  leaves  and  examined  by 
Schimmel  &  Co.8  contained  no  other  phenol  than  betel  phenol.  The 
phenol  separated  from  the  soda  solution  had  a  constant  boiling  point 
of  128—129"  under  11  mm.  pressure  and  yielded  exclusively  a  benzoyl 
compound  crystallizing  in  laminae  and  melting  at  50°. 

Another  constituent,  possibly  to  be  found  in  all  betel  oils,  is  cadinene, 
CioHm.  So  far  this  hydrocarbon  has  been  isolated  from  the  Siam  oil* 
only  (dihydrochloride,  m.  p.  118°).  Probably  the  sesquiterpene  (b.  p. 
abt.  260°,  sp.  gr.  0.917)  found  by  Eykman  in  the  betel  oil  from  Java 
is  also  cadinene.  The  Java  oils  from  fresh  leaves  contain  a  considerable 
amount  of  low  boiling  constituents.  Eykman B  did  not  succeed  in 
isolating  or  identifying  a  pure  terpene  of  constant  boiling  point  from 
the  fractions  between  173—190°.  Probably  several  terpenes  are  present, 
but  apparently  no  pinene.  Fraction  173—175°  (sp.  gr.  0.848  at  16°; 
od  =  —  5°  20')  yielded  neither  a  solid  bromide  nor  a  crystalline  hydro- 
chloride. Fraction  190—220°  contains  substances  having  a  minty  odor 
(menthone  or  menthol?). 

>)  Eykman,  loc.  dt.  *)  Bertram  &  Qlldemeleter,  lot.  dt. 
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The  oil  distilled  from  dried  Siam  leaves  was  devoid  of  low  boiling 
fractions,  only  ft  few  drops  coming  over  below  2(H)0.  Whereas  the 
absence  of  terpenes  in  this  oil  may  be  accounted  for  by  the  character 
of  the  crude  material,  the  absence  of  chavicol  in  Siam  and  Manila  oils 
and  the  occurrence  of  this  substance  in  Java  oil  may  be  accounted  for 
by  differences  in  climate  and  soil  of  the  respective  countries. 

80.    Oil  from  Potomorphe  Umbellate. 

The  fresh  leaves  of  Potomorphe  ambellata  Miq.  (Family  Piperaeeae) 
contain  0.05  p.  c.  of  an  oil,  the  taste  and  odor  of  which  remind  of 
pepper  (Peckolt1). 

90.    Oil  from  Ottonia  Atiisum. 

From  12  kilo  of  the  air-dried  root  of  wild  jaborandi,  Ottonia  nnisum 
Spreng.  (Serronia  jaborandi  Grill.)  10.54  g.  (=0.08N  p.  c.)  of  ft  viscid 
oil  were  obtained.  It  possesses  a  peculiar,  somewhat  pepper-like  odor 
and  a  burning  taste  which  benumbs  the  tongue.    Sp.  gr.  1.035  (Peckolt2). 

01.    OH  from  Poplar  Buds. 

The  leaf-buds  of  the  black  poplar,  Popaius  nigra  L.,  (Family  Saliea- 
ceae),  which  were  formerly  found  in  apothecary  shops  under  the  name 
of  Oculi  populi  and  used  in  the  preparation  of  ointments,  yield  about 
%  p.  c.  of  volntile  oil  upon  distillation  with  water  vapor.  It  is  light  yellow 
in  color  and  has  a  pleasant  odor  reminding  somewhat  of  chamomile. 
It  is  insoluble  in  70 — 90  p.  c.  alcohol,  but  yields  a  clear  solution  with 
%  p.  or  more  of  05  p.  c.  alcohol.  Sp.  gr.  0.900—0.905;  «D~  +  1°54'8 
to  +5°  54';  saponification  number  13. 

Poplar  bud  oil  distills  between  255— 265°  s  and  consists  principally 
of  a  hydrocarbon  (CsHs)x  boiling  at  200—261°.  Piccard*  (1873)  judges 
from  its  vapor  density  that  it  is  a  diterpene,  C20HH2,  whereas  its  boiling 
point  indicates  a  sesquiterpene. 

Fichter  and  Katz5  in  a  recent  investigation  of  this  oil,  found  it  to 
consist  principally  of  a  sesquiterpene  boiling  at  203—269°.    The  com- 
pound  was   identified   as   humulene   by   means   of  its   nitrosochloride, 
nitrosate,  both  the  blue  and  the  white  nitrosite.  and  the  piperidine  and 
benzylamine  bases  prepared  from  these.    Besides  humulene  there  is  pro- 
it  Pharm.  Humlsirhau,  12.  p.  241. 
>)  riinrm.  Rund«hau,  12.  p.  28T. 
»>  Berlcht  von  «.  &  Co.,  Apr.  18H7,  p.  38. 
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liablv  contained  in  the  oil  a  second  sesquiterpene,  and  about  %  p.  c.  of 
paraffin,  CshHbo,  m.  p'.  58—08°.  The  bodies  to  which  the  pleasant  odor 
of  the  oil  is  due  passed  over  in  the  lowest  fraction. 

92.    Dutch  Myrtle  Oil. 

Upon  distillation  of  the  fresh  leaves  of  Myrica  gale  L.  (Family 
Myrwaeeae),  0.65  p.  c.  of  a  brownish-yellow  oil  (Rabenhorst,1  1837), 
sp.  gr.  0.876,  are  obtained.  At  17.5°  it  congeals  partly,  at  12.5°  com- 
pletely to  a  crystalline  mass.  The  odor  is  peculiar  balsamic,  pleasant; 
the  taste  mild  at  first,  then  temporarily  burning  and  permanently 
astringent.    It  is  said  to  contain  70  p.  c.  camphor  (?). 

93.    Bayberry  Oil. 
The  leaves  of  Myriea-  cerifera  L.  (Family  Myrwaeeae)  yield  0.021 
p.  c.  of  volatile  oil,3  of  greenish  color,  and  very  pleasant  aromatic,  spicy 
odor.    Sp.  gr.  0.886;  «D  =  —  5°  5'. 

94.    Sweet  Fern  Oil. 

The  dried  leaves  of  Myrica  asplenifolia  Endl.  (Comptonia  aepleui- 
folia  Alton)  yield  upon  distillation  about  0.08  p.  c.  of  volatile  oil.  It 
has  a  strong  spicy,  cinnamon-like  odor.  Sp.  gr.  0.920.  When  cooled 
in  a  freezing  mixture  the  oil  congeals.8 

95.    Oil  from  Walnut  Leaves. 

The  aromatic  odor  of  the  fresh  leaves  of  Juglans  regia  L.  (Family 
Juglandaceae)  is  attributable  to  the  volatile  oil  they  contain.  Upon 
distillation  of  800  k.  of  fresh  leaves,  Schimmel  &  Co.*  obtained  235  g. 
of  oil.  It  is  yellowish-green  in  color,  solid  at  ordinary  temperature,  and 
has  a  pleasant  tea-like  odor. 

96.    Sweet  Birch  Oil  (Wintergreen  Oil). 

Oleum  Betulae  Lentae. -- BirfceiirliidcniH.  —  Essence  de  Beta  la. 
Okioin  and  History.    Cherry  birch  or  sweet  or  black  birch,  Betala 
lenta  L.  (Family  Betulaceae)  is  a  tree  15 — 20  m.  high  which  grows  on 
good  forest  soil  throughout  southern  Canada  and  the  northern  United 

>)  Rcjwrt.  I'iisrni.,  SO,  p.  31*.    Hinelln.  Organ.  Chemle.  IV  Ed.,  Vol.  T,  p.  8S5. 
.     ij  Bericht  van  S.  &   Co.,  Oct.    1S0-1,  p.   7H.      Camp,  also   Hambrlght  (1S88),    Am. 
Joorn.  Phnrm.,  85,  p.  108. 

>)  Bericht  von  S.  ft  Co..  Oct.  1S00,  p.  r,0. 
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States,  westward  as  far  as  Minnesota  and  Kansas,  and  to  the  south  as 
far  as  Georgia  and  Alabama.  When  chewed  its  reddish-bronze  colored 
bark  develops  a  peculiar  fragrance  and  taste,  and  on  this  account  has 
been  used  by  the  natives  for  chewing  and  in  the  preparation  of  refresh- 
ing and  medicinal  beverages.  Next  to  turpentine  oil,  the  oils  of  sas- 
safras, wintergreen  and  birch  bark  are  among  the  first  oils  obtained 
by  distillation  in  the  United  States.  The  similarity  in  odor  and  taste 
of  birch  bark  oil  with  true  oil  of  wintergreen  from  Gaultheria  proeum- 
bens  was  known  before  1818  (Bigelow1).  The  chemical  identity  of  the 
principal  constituent  of  both,  however,  was  demonstrated  by  Proctor2 
in  1843.  As  the  demand  for  wintergreen  oil  increased,  sweet  birch  bark 
was  distilled  indiscrirninatly  with  wintergreen  leaves  or  even  distilled 
alone  as  substitute8  so  that  the  commercial  natural  oil  is  at  present 
obtained  almost  exclusively  from  the  bark  of  livtula.  lenta  L. 

Preparation.  For  purposes  of  distillation,  the  young  trunks  anil 
branches  were  formerly  used.  These  were  cut  into  pieces  1—4  inches  in 
length  which  were  macerated  for  12  hours  previous  to  distillation.  For 
the  latter  operation  stills  like  those  described  under  wintergreen  oil 
were  used.  More  recently  the  bark  of  the  trunk  and  the  larger  branches 
is  peeled  off  in  late  summer  and  either  cut,  or  torn  by  means  ot 
toothed  rollers,  and  freshly  distilled  with  water  from  copper  stills. 
If  wintergreen  grows  abundantly  in  the  neighborhood  it  is  added  to  the 
bark  in  the  still.  According  to  the  abundance  and  the  convenience  with 
which  the  one  or  the  other  can  be  obtained,  preference  is  given  to  the 
cheaper  material.  According  to  Kennedy,  maceration  for  12  hours  is 
considered  indispensable  to  a  good  yield.  A  ton  of  2,240  lbs.  of  birch 
bark  yields  about  i»  pounds  of  oil  =  0.23  p.  c.  A  like  amount  of 
wintergreen  yields  about  18  lbs.  of  oil.*  Upon  rational  distillation. 
however,  as  much  as  O.fi  p.  c.  of  oil  can  be  obtained  from  the  bark. 

Proctor  already  recognized  in  1843  that  the  oil  did  not  preexist  in 
the  bark,  but  results  upon  the  interaction  of  two  constituents  in  the 
presence  of  water,  similar  to  the  formation  of  the  oils  of  bitter  almonds. 

i)  Amorlcun  Medical  Botnny.  vnl.  2,  pp.  28  and  241. 

"1  Am.  Journ.  Pharm.,  IB.  p.   241. 

9)  Betala  tenia  and  Gaultheria  jirucumbens  grow  together  In  the  wooded  mountaln- 
ouh  regions  o[  the  North  Atlantic  elates.  In  a  report  on  the  wintergreen  oil  Industry, 
Kennedy  (Am.  Journ.  Pharm.,  52.  p.  40)  In  1RS2  called  attention  to  the  fact  that  the 
cost  of  collection  of  birch  bark  was  but  V,  ot  that  ol  wintergreen  leaves;  also  that  the 
yield  of  oil  from  the  bark  wan  but  0.23  p.  c.  whereas  that  from  wlnlergresn  wan 
0.80  p.  c.  According  to  these  figures  the  cost  of  production  of  the  oil  from  birch  bark 
Is  but  half  ae  great  as  that  of  wintergreen  leaves. 

*)  Am.  Journ.  Pfanrm.,  r.-i,  pp.  40— 58. 
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mustard,  etc.1  According  to  more  recent  investigations  by  Schneegans  a 
these  substances  are  betulase,  a  ferment,  and  the  glucoside  gaultherin8 
which  crystallizes  with  one  molecule  of  water: 

CnHisOs    +    HaO    =    CeH4<cQ0CH8    +    CaHiaOa 
Ganltht-rio         Water  Methyl  salicylate        Grape  sugar. 

Properties.  Oil  of  sweet  birch  is  a  colorless  or  yellowish  colored 
oil  sometimes  colored  red  due  to  the  presence  of  traces  of  iron.  As  to 
odor  and  taste,  it  can  scarcely  be  distinguished  from  pure  methyl 
salicylate,  but  differs  decidedly  in  both  respects  from  the  oil  of  Gaul- 
therin procambens.  Sp.  gr.  1.180  to  1.187.  It  is  optically  inactive, 
differing  in  this  respect  from  the  slightly  laevogyrate  gaultheria  oil. 
It  forms  a  elear  solution  with  o  p.  of  70  p.  c.  alcohol  at  ordinary 
temperature,  and  with  aqueous  potassa  or  soda  solution  upon  gentle 
heating.  Water  shaken  with  a  drop  of  the  oil  produces  a  deep  violet 
color  with  ferric  chloride.  By  distillation  over  a  free  flame,  sweet  birch 
oil  passes  over  between  218—221°. 

Composition.  Inasmuch  as  no  commercial  distinction  is  made 
between  birch  oil  and  gaultheria  oil,  it  remains  doubtful  whether  the 
discovery  of  salicylic  acid  by  Cahours*  (1844)  was  made  in  connection 
with  an  oil  of  sweet  birch,  a  true  wintergreen  oil,  or  a  mixed  oil. 
Proctor  possibly  distinguishes  between  the  two.  It  is  quite  certain  that 
the  oil  examined  by  Cahours  must  have  been  adulterated  for  he  found 
10  p.  c.  of  a  terpene  boiling  at  160°  which  he  terms  "gaultherilene"  and 
which  presumably  was  pinene  Trom  admixed  turpentine  oil.  Recent  examin- 
ations of  genuine  oils  have  shown  the  absence  of  terpenes  in  both  oils. 

According  to  Power  and  Kleber8  (1895)  sweet  birch  oil  contains  as 
much  as  99.8  p.  c.  of  methyl  salicylate.0  If  the  oil  diluted  with  ether  is 
shaken  with  an  aqueous  7.5  p.  c.  potassa  solution,  the  methyl  salicylate 
passes  into  the  aqueous  solution  as  potassium  methyl  salicylate  and 
ean  readily  be  separated  from  the  other  constituents  remaining  in 
ethereal  solution. 


>)  Am.  Jo  urn.  Pharm.,  IS,  p.  341. 

»)  Jonra.  (1.  Phnrm.  r.  Elsaae-Lothr.,  28,  p.  IT. 

•)  Arch.  d.  Phnrm.  282.  p.  487. 

*l  Ann.  de  Chlin.  et  1'h.vn.,  III.  10,  p.  837.— Lieblft'e  Annaleu,  46,  p.  60;  52,  p.  827. 

>)  Pharm.  RundKhaa,  18,  p.  328. 

*>  The  statement  by  Trimble  &  Schrotcr  (Am.  Joum.  Phnrm.,  81,  p.  B98,  And  07. 
p.  541),  that  the  oils  ot  K&ultherln  and  sweet  birch  contain  benzoic  acid,  eth.vl  alcohol 
and  a  Heaqu  I  terpens  nil  not  nubnt&ntlAted  by  the  examination  of  a  large  amount  ol 
authentic  oil.  See  Power  {t'harm.  Rundwh.,  7,  p.  2H8).  also  Power  A  Kleber  (Pharm. 
Rundccbau,  18.  p.  2281.    These  conKtltuents  evidently  do  not  occur  In  the  genuine  oil. 
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The  residue  remaining  upon  evaporation  of  the  ether  waa  separated 
into  two  parts  by  steam  distillation.  The  non-volatile  residue  congealed 
upon  cooling.  It  was  readily  soluble  in  ether,  more  sparingly  in  alcohol, 
and  crystallizes  in  laminae  which  are  not  attacked  by  sulphuric  or  nitric 
acids.  They  consist  of  paraffin  which,  judging  from  an  elementary 
analysis  and  m.  p.  determination  (m.  p.  65.5°)  may  be  regarded  as 
triacontane,  CwHoa.  The  portion  volatile  with  water  vapor  is  readily 
soluble  in  80  p.  c.  alcohol,  boils  between  230—235°  (under  2">  mm. 
pressure  at  abt.  135°),  and  has  the  composition  CuHuiOa.  It  is  an 
ester  and  upon  saponification  is  resolved  into  its  compounds;  an  alcohol 
ObHioO  and  an  acid  OnHioOa. 

Examination.  Inasmuch  as  the  oils  of  sweet  birch  and  gaultheria 
are  the  heaviest  of  all  known  oils,  the  presence  of  foreign  oils  or  of 
petroleum  causes  a  lowering  of  the  specific  gravity.  The  solubility  in 
70  p.  c.  alcohol  is  also  diminished  by  the  presence  of  most  adulterants. 
The  property  of  methyl  salicylate  to  form  water  soluble  salts  with  the 
alkalies  (e.  g.  CaH^OKJCOOCHs)  affords  a  convenient  means  of  detect- 
ing adulterations.  A  suitable  method  is  that  directed  by  the  U.  S. 
Pharmacopoeia : 

If  to  1  cc.  of  oil  contained  in  a  capacious  test-tnbe,  10  cc.  of  sodium 
hjdrate  T.  S.  be  added,  and  the  mixture  agitated,  a  bulky,  white,  crystalline 
precipitate  will  be  produced;  tben  if  the  test  tube,  loosely  corked,  be  allowed 
to  stand  in  boiling  water  for  about  five  minutes,  with  occasional  agitation,  tlie 
precipitate  should  dissolve,  and  form  a  clear,  colorless  or  faintly  yellowish 
solution,  without  the  separation  of  any  oily  drops,  either  at  the  surface  or  at 
the  bottom  of  the  liquid  (absence  of  other  volatile  oils  or  of  petroleum). 

Still  more  convenient  is  the  use  of  a  5  p.  c.  caustic  potash  solution 
which  dissolves  methyl  salicylate  immediately  without  the  formation  of 
a  precipitate,  leaving  other  oils  undissolved. 

Chloroform  can  also  be  detected  in  this  way.  Five  percent  of  foreign 
constituents  can  be  recognized  in  this  way.  Inasmuch  as  the  odor  of 
methyl  salicylate  disappears  completely  in  the  alkaline  solution,  the 
nature  of  the  adulterant  can  usually  be  recognized  by  ite  odor. 

The  amount  of  methyl  salicylate  can  be  determined  by  isolating  and 
weighing  the  salicylic  acid  or  volumetrically. 

For  the  gravimetric  determination  Ewing1  (1892)  recommends  the 
following  process: 

1.5 — 2  g.  of  the  oil  are  saponified  in  a  flask  of  50  cc.  capacity  with  a  slight 
excess  of  soda  solution.     To  the  liquid,  transferred  to  a  separating  funnel, 
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hydrochloric  acid  Is  added  in  excess  and  the  liberated  salicylic  acid  shaken  out 
with  ether.  Id  order  to  remove  traces  of  sodium  chloride  from  the  ethereal 
notation,  this  is  shaken  with  water.  The  ethereal  notation  in  evaporated  in  a 
tared  capsule  or  a  waterbatb.  The  residual  salicylic  acid  is  weighed  alter 
having  been  dried  to  constant  weight  over  sulphuric  acid. 

This  method  of  assay  presupposes  a  pure  oil,  for  foreign  additions 
such  as  sassafras  oil,  would  pass  into  the  ethereal  solution  with  the 
salicylic  acid  and  remain  upon  evaporation  of  the  solvent. 

For  the  volumetric  estimation,  B.  Kremers  and  M.  James1  give  the 
following  directions : 

5  g.  of  oil  to  be  dissolved  in  an  excess  of  standard  soda  solution  and  the 
solution  to  be  boiled  for  Ave  minutes  to  effect  saponification.  The  excess  of 
soda  solution  is  ascertained  with  the  aid  of  normal  acid  and  the  number  of  ccs. 
of  normal  alkali  consumed  in  the  saponification  multiplied  by  0.152,  the  methyl 
salicylate  factor. 

The  assay  can  also  be  effected  by  determining  the  amount  of  salicylic 
acid  present  according  to  the  method  of  Messtnger  and  Yortmann." 
This  method  is  based  upon  the  supposed  fact  that  iu  the  presence  of 
much  alkali  salicylic  acid  is  converted  by  iodine  into  a  diiodo  salicylic 
acid  iodide.  The  excess  of  iodine  is  ascertained  by  titration  with 
standard  thiosulphate  solution.  The  reaction  is  supposed  to  take  place 
according  to  the  following  equation : 

C«H*(0H)C00K  +  SNaOH  +  61  =C8HaI2(0I)COOK  +  3KI+ 3HZ0 

The  application  of  this  method  to  wintergreen  oil  has  been  suggested 
by  Kremers  and  James : l 

A  weighed  quantity  of  oil  (abt.  8  g.)  is  saponified  with  normal  alkali,  care 
being  taken  to  employ  at  least  7  molecules  of  potassium  hydroxide  for  every 
molecule  of  methyl  salicylate.  The  saponified  liquid  is  diluted  to  either  250  or 
500  cc.  Of  this  solution  5  or  10  cc.  res]iectively  are  heated  in  a  flask  to 
80°.  Decinorma!  iodine  solution  is  tben  added  until  the  color  is  permanently 
yellow.  Upon  shaking  a  deep  red  precipitate  results.  Upon  cooling,  the  solution 
is  acidified  with  dilute  sulphuric  acid  and  diluted  with  water  to  250  or  500  cc. 
In  an  aliquot  part  (abt.  100  cc.)  of  the  filtrate  the  excess  of  iodine  jh  ascer- 
tained by  means  of  N/10  thiosulphate  solution. 

1    Mol.  Methyl  salicylate        151.64 

= =  0.19974314. 

6  Atoms  Iodine  759.2 

By  multiplying  the  amount  of  iodine  found  (in  ccs.)  with  the  factor 
0.19874314  the  amount  of  methyl  salicylate  present  is  found,  from  which  the 
percentage  o!  ester  in  the  oil  can  be  calculated. 

A  good  oil  should  contain  iit  least  98  p.  e.  of  methyl  salicylate. 

')  Pharm.  Review,  18.  p.  180.  ')  Berlchte,  22,  p.  2821;   28,  p.  273.1. 
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97.    Oil  of  Hops. 

Oleum  Hnmull  Lupnll.  —  Hvpfenftl.  — Essence  de  Honblon, 

Origin  and  History.  On  account  of  their  peculiar  aromatic  odor 
and  taste,  the  fruit  of  Hamulus  iupulua  L.  (Family  A/oraceae),  which  is 
cultivated  in  most  countries,  has  been  used  since  the  middle  ages  for 
the  aromatization  of  barley  beer.  Hops,  therefore,  are  mentioned  in 
literature  since  the  eighth  century.1  Medicinally  hops  are  being  used  only 
comparatively  recently.  The  medical  use  of  fupulin  was  suggested  in 
1820  by  Ives,2  a  New  York  physician. 

The  volatile  oil  of  hops  seems  to  liave  been  first  distilled  from  the 
glands  by  Payen  and  Chevallier,8  but  thus  far  has  found  but  little 
application. 

Preparation.  Oil  of  hops  is  prepared  from  the  strobiles  as 
well  an  from  the  lupulin.  The  yield  from  hops  varies  from  0.3 — 1  p.  c, 
from  lupulin  as  much  as  3  p.  c.  are  obtained.  The  latter,  however,  is 
less  pleasant  and,  therefore,  inferior.  The  aqueous  distillate— especially 
that  from  lupulin— is  strongly  acid  and  contains  valerianic  acid  (Per- 
sonne)  and  probably  also  butyric  acid  (Ossipow).  Unbleached  hops 
must  be  used  for  distillation,  otherwise  the  oil  has  an  unpleasant 
sulphurous  odor. 

Properties.  Oil  of  hops  is  a  light  yellow  to  reddish-brown  thin 
liquid  which  becomes  viscid  upon  prolonged  standing.  It  has  an 
aromatic  odor  aDd  its  taste  is  not  bitter.  Hp.  gr.  0.855—0.880; 
■io=  +0°28'to  +0°-Hf.  In  alcohol  it  is  very  difficultly  soluble,  especially 
older  oils  do  not  yield  a  clear  solution  with  even  95  p.  c.  alcohol.  This 
may  ponsibly  be  attributed  to  polymerization  product*  resulting  from 
so-called  olefinic  terpenes  present  in  the  oil. 

Composition.  Although  oil  of  hops  has  frequently  been  examined 
chemically,*  not  a  single  constituent  had  been  isolated  and  characterised 
until  recently. 

In  1805  Chapman8  showed  that,  aside  from  small  amounts 
of  olefinic  terpenes,  oil  of  hops  consists  principally  of  a  sesquiterpene, 
humulene.  The  oxygenated  constituents,  however,  to  which  the  oil 
evidently  owes  its  peculiar  aroma,  were  not  investigated  by  Chapman. 

i)  Fhnrmncoirraphla,  p.  HOI. 

»1  Slltlnian'B  Jmirn.  of  Sc.  &  Art*.  1820.  p.  002. 

')  Joorn.  de  Pbarmarte,  8,  pp.  214  &  flBJi. 

*)  Payen  &  Chevallier.  lot.  clt.  —  Wagner  (1S381,  Journ.  I.  prakt.  Chem.,  88,  p.  851. 
-Tenonne  (1884).  Compt.  rend.,  38.  p.  300.— KUhneinann  (1877),  Berlcnte,  10.  p.  3381. 
—  Omlpow  (1MH8  &  '80).  Journ.  f.  prakt.  Chem..  II.  28.  p.  48,  and  34,  p.  288. 

s)  Journ.  Chem.  Stic,  67,  pp.  54  *  780. 
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The  fact  that  the  analysis  of  fraction  160—171  (ap.  gr.  0.789) 
agrees  with  the  formula  CioHit,  seems  to  render  it  probable  that  it 
consists  of  a  mixture  of  two  hydrocarbons,  viz.  CioHis  and  CioHi«. 
The  latter  is  possibly  identical  with  one  of  Semmler's l  oleflnic  terpenes. 
Bromine  and  hydrochloric  acid  are  absorbed  energetically,  but  do  not 
yield  crystalline  derivatives.  Upon  oxidation,  oxalic  acid  alone  was 
obtained. 

Almost  two-thirds  of  the  oil  consist  of  humulene,  a  sesquiterpene 
boiling  at  263—266°,  sp.  gr.  0.9001  at  15°.  Isolated  by  fractionation 
it  is  obtained  either  slightly  laevo-  or  dextrogyrate.  When  perfectly 
pure  it  is  probably  inactive. 

With  bromine  and  hydrogen  chloride  liquid  addition  products  only 
are  obtained.  A  characteristic  derivative  was  obtained  by  passing 
nitrosyl  chloride  into  the  chloroform  solution.  This  nitrosochloride 
melte  at  164—165°  and  may  serve  for  its  characterization.  The  humu- 
lene nitrolpiperidide  obtained  from  it  melts  at  153°,  the  nitrolbenzylamine 
base  at  136°. 

Caryophyllene  from  oil  of  cloves  yields  similar  derivatives  which  are, 
however,  quite  different  in  melting  point.  Caryophyllene  also  readily 
yields  a  crystalline  hydrate,  whereas  humulene  does  not.  The  latter, 
therefore,  is  to  be  regarded  as  a  new  distinct  representative  of  the  class 
of  sesquiterpenes.3 

Adulteration.  Oil  from  copaiba  balsam  is  mentioned  as  an 
adulterant  of  hop  oil.  The  higher  sp.  gr.  and  larger  angle  of  rotation 
should,  however,  readily  betray  its  presence. 

According  to  Chapman,"  the  statement  made  by  Personnes  that 
the  oil  upon  oxidation  yields  valerianic  acid  is  incorrect.  This  acid, 
however,  results  upon  oxidation  of  the  extract  of  hops  with  per- 
manganate. 

98.    Oil  of  Hemp. 

The  various  statements  concerning  the  properties  and  composition 
of  the  volatile  hemp  oil  differ  considerably. 

According  to  Personue*  (1857)  the  oil  from  Cannabis  indica  is 
lighter  than  water  and  congeals  at  12—15°  to  a  butyraceous  mass. 
It  is  said  to  consist  of  two  hydrocarbons:  the  liquid  canabene,  CisHau,' 


)  Berlcbte,  24,  p.  682. 
!  For  a  detailed  comparison  of 
)  Chain .  Central!)!..  1898,  II.  p. 
0  Journ.  de  Pbarm.  ot  de  Chlm. 
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which  boils  at  235— 240°,  and  cannabene  hydride,  C12H24,  which 
crystallizes  from  alcohol  in  scales  with  a  fatty  lustre. 

Valente1  (1880)  examined  an  oil  that  was  obtained  from  Italian 
Cannabis  indica.  It  consisted  principally  of  a  sesquiterpene,  C115H24: 
b.  p.  256—258°;  sp.  gr.  0.9209  at  0°;  [n]D  =  — 10.81°.  With  hydrogen 
chloride  it  yielded  a  solid  hydrochloride.  The  same  sesquiterpene  is 
found  in  the  oil  from  the  male  inflorescence  of  Cannabis  gigantea. 

Upon  steam  distillation  of  the  female  flowering  plant,  Vignolo2  (1885) 
obtained  a  mobile  aromatic  oil  which  boiled  between  248  and  268°  and 
did  not  congeal  when  cooled  to  —18°.  When  distilled  over  sodium,  a 
stearoptene  remained  behind  which  was  not  further  examined,  whereas  a 
sesquiterpene  (b.  p.  256°;  sp.gr.  0.897  [?]  at  15.88)  passed  over.  The 
formula  CioHa*  was  established  by  elementary  analysis  and  vapor 
density  determination.    A  crystalline  hydrochloride  was  not  obtained. 

8chimmel& Co.8 obtained  upon  distillation  of  the  non-flowering  herb  of 
Cannabis  indica  0.1  p.  c.  of  a  mobile  oil  with  narcotic  but  not  unpleasant 
odor.     At  0°  it  congealed  to  a  butyraceous  mass.    Sp.  gr.  0.932. 

Whether  the  sesquiterpene  found  in  the  oil  is  identical  with  any  of 
the  known  compounds  does  not  become  apparent  from  the  scant 
literature  on  the  subject.  The  cannabene  hydride  of  Personnes  is 
possibly  nothing  more  or  less  than  paraffin  which  is  frequently  found 
in  volatile  oils. 

99.    Sandalwood  Oil. 

Oleum  Lljrnl  Santali.  —  Ostlndigchex  Sanuelholziil.  —  Essence  lie  SanUl. 

History.  On  account  of  its  peculiar,  very  pleasant  odor,  as  well  as 
on  account  of  its  durability,  sandalwood  from  Santalum  album  L.  has 
been  used  since  antiquity.  Medicinally  and  economically  it  has  an 
important  and  very  interesting  history. 

In  mediaeval  writings  and  in  the  later  treatises  on  distillation, 
however,  sandalwood  is  but  seldom  mentioned,  the  oil  having  been 
used  only  in  recent  periods  for  medicinal  and  other  purposes.  Previous 
to  this  century  the  oil  has  been  distilled  by  Saladin*  (1488),  Gesner" 
(1555),  and  Hoffmann8  (1722).  Neumann  and  DehneT  (1780)  ascer- 
,  tained  the  yield,  and  Chapoteaut8  first  examined  the  oil  in  1882. 


cblm.  ital.,  25,  I,  p.  IK 
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In  Ceylon,  distilled  sandalwood  oil  is  reported  to  have  been  used  for 
the  embalming  of  the  dead  bodies  of  native  princes  since  the  ninth 
century. l 

Origin  and  Preparation.2  Satit&lum  album  L.  (Family  Sant&laceae), 
a  tree  6 — 10  m.  high  with'  dense  foliage,  is  indigenous  to  the  mountains 
of  India  and  either  grows  wild  or  is  cultivated  in  dry  open  places, 
rarely  in  forests.8  The  wood  of  the  trees  growing  in  dry  rocky 
mountainous  soil  is  harder  and  richer  in  oil  than  that  of  trees  cultivated 
in  fertile  soil.  The  territory  which  produces  sandalwood  is  a  strip  251) 
miles  long  which  extends  from  the  Nilgiri  mountains  to  the  north  and 
northwest  through  Mysore  and  Coimbatore  to  Canara.  The  tree 
grows  from  sea-level  up  to  altitudes  of  1001)  m.  The  trees 
are  property  of  the  state.  In  the  presidencies  of  Madras  and 
Mysore  the  wood  and  the  roots  are  arranged  according  to  grade  into 
18  classes*  and  sold  at  auction.  Wood  destined  for  the  European 
market  is  shipped  via  Tellichery  or  Bombay.  A  considerable  amount  is 
used  in  Asia  for  ritualistic  purposes,  and  some  of  it  is  used  in  the 
primitive  distillation  of  the  oil  at  the  place  of  production.  Bidie5 
describes  the  process  as  follows; 

"The  body  of  the  still  is  a  large  globular  clay  pot,  with  a  circular  mouth, 
and  is  about  2%  feet  deep  by  about  6  feet  circumference  at  the  bilge.  No 
capital  is  used,  but  the  mouth  of  the  still,  when  used,  is  closed  with  a  clay  lid, 
having  a  small  hole  in  ite  centre,  through  which  a  bent  copper  tube  about  ">% 
feet  long  is  passed  for  the  escape  of  the  vapor.  The  lower  end  of  the  tube  is 
conveyed  inside  a  eopper  receiver,  placed  in  a  large  porous  vessel  containing 
cold  water.  When  preparing  the  sandalwood  for  distillation  the  white  or  sap 
wood  is  rejected,  and  tlie  heart  wood  is  cut  into  small  chips,  of  which  about 
2  mannds  or  50  lbs.  are  put  into  the  still.  As  much  water  is  then  added  as 
will  just  cover  the  chips,  and  the  distillation  is  carried  on  slowly  for  ten  days 
and  nights,  by  which  time  the  whole  of  the  oil  is  extracted.  As  the  water  from 
time  to  time  gets  low  in  the  still,  fresh  supplies  are  added  from  the  heated 
contents  of  the  refrigerator." 

According  to  another  report8  the  distillation  lasts  21  days  and 
yields  2.5  p.  c.  of  oil  of  a  sp.  gr.  0.980  and  higher.  The  prolonged 
distillation  is  sufficient  explanation  for  the  dark  color  and  high  specific 

>)  Pharmacograpbla,  II  ed.,  p.  31)0. 

•I  J.  L.  Plgot,  const  it  ator  ol  forest*  In  Mysore.  India,  has  written  an  Interesting 
pamphlet  on  the  sandalwood  cultivation  In  India  accompanying  the  exhibition  ol  the 
British  Colonial  Governments  at  the  Paris  Exposition  1900. 

*)  Holmes,  Pharm.  Jouni.,  Ill,  16,  p.  819.—  Petersen,  Ibid.,  p.  757—  Klrkby,  (bid., 
p.  857.— ftawer,  Odorographla,  vol.  I,  p.  815. 

*)  Borldit  von  a.  4  Co..  Oct.  1898.  p.  44. 

■)  Holmes,  loc.  clt. 

■)  Chemist  and  Druggist,  May  36, 1894. 
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gravity '  of  this  oil  contaminated  with  decomposition  products.  Only 
a  small  part  of  it  is  brought  to  Europe,  most  of  it  being  exported  to 
China  and  Arabia. 

Sandalwood  is  also  produced  in  eastern  Java,  and  in  the  islands 
Sumba  (Soemba  or  Tjendana)  and  Timor.  This  variety  is  brought 
into  the  market  as  Macassar  sandalwood  via  Macassar  (in  the  Celebes). 
It  does  not  contain  as  much  oil  as  the  East  Indian  wood,  but  the  oil 
can  hardly  be  said  to  be  inferior. 

Owing  to  a  more  complete  comminution  as  well  as  to  perfected 
apparatus  for  distillation  a  larger  yield  of  oil  is  obtained  in  Europe 
than  in  India:  from  East  India  sandalwood  3—5  p.  c,  from  Macassar 
wood  l.C — 3  p.  c.  The  European  oil  is  light  colored,  has  a  pleasant 
odor  and  compares  favorably  with  the  Indian  oil  which  is  contaminated 
with  empyreumatic  products. 

Properties.  East  Indian  sandalwood  oil  is  a  rather  viscid,  light 
yellowish  to  yellow  liquid  of  peculiar,  faint  but  persistent  odor,  and  of 
an  unpleasant,  resinous,  harsh  taste.  The  sp.  gr.  of  a  normal  oil  lies 
between  0.975  and  0.980.  The  Indian  oils,  as  already  stated,  have  a 
higher  specific  gravity  and  a  darker  color  due  to  decomposition  pro- 
ducts. The  angle  of  rotation  varies  between  narrow  limits,  viz.  —17  to 
—  19°.  With  5  p.  of  70  p.  c.  alcohol,  sandalwood  oil  yield  a  clear 
solution  which  is  not  rendered  turbid  by  the  further  addition  of  alcohol. 
Upon  age,  especially  under  the  influence  of  light  and  air,  its  solubility 
diminishes  and  it  then  yields  turbid  mixtures  in  the  ratio  mentioned. 

The  santalol  content  determined  by  acetylization  and  calculated  for 
CibH2bO  is  93—98  p.  c.  Under  14  mm.  pressure  about  95  p.  c.  of  the 
oil  passes  over  between  155— 170°, 9  under  ordinary  pressure  between 
275—295°  (Umney,8  1895).    The  saponification  number  is  5—15. 

Composition.  According  to  the  investigation  of  Chapoteaut*  (1882) 
sandalwood  oil  consists  almost  exclusively  of  two  substances  CisHmO 
and  ClgHssO.  The  former  boils  at  300°  and  is  regarded  as  an  aldehyde, 
whereas  CijHbhO,  with  a  boiling  point  of  310°  is  supposed  to  be  the 
corresponding  alcohol.  Phosphoric  acid  anhydride  abstracts  water 
from  the  oil,  two  hydrocarbons  resulting:   to  the  one  boiling  at  245° 

i)  Conroy  hut  shciwn  piperlmen  tally  t 
0.989  when  heated  with  water  to  50=  lor 
18911). 

>)  Berlcht  tod  S.  &  Co.,  Oct.  189»,  p.  37. 

•]  Pharm.  Joorn,  III.  as.  p.  1044.    The  statement  o 
ever,  (nee  under  composition)  do  not  folly  agree  with  thi 

*)  Bull.  Soc.  chlm.,  II,  8T,  p.  808. 
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the  formula  Cir.Has  is  assigned;  and  to  the  other,  b.  p.  260°,  the 
formula  CisHsi.  When  the  oil  is  heated  with  glacial  acetic  acid  to  150° 
the  acetic  ester  of  aantalol,  CisHasO.COCHs  results,  also  a  substance 
CmHmO  (?). 

Inasmuch  as  the  low  specific  gravity  of  Chapoteaut's  oil  (0.945) 
would  seem  to  indicate  that  it  was  adulterated,  the  above  results  should 
be  accepted  with  caution.  Furthermore  he  did  not  prepare  a  single 
crystalline  derivative  with  which  to  prove  the  correctness  of  his  formulas. 
For  the  aldehyde  character  of  the  substance  CisHg*0  he  does  not  supply 
a  single  proof. 

Chapman  and  Burgess1  have  more  recently  published  a  preliminary 
report  on  santalol  and  the  hydrocarbon  obtained  by  its  dehydration. 
Santalal,  which  they  also  regard  as  an  aldehyde,  watt  isolated  by 
fractional  distillation  from  the  oil.  The  substance  thus  obtained  boils 
at  301—306°  and  upon  oxidation  with  potassium  permanganate  yielded 
santalenic  acid,  which  crystallizes  in  thin  laminae  and  melts  at  76°. 
The  hydrocarbon  obtained  by  the  dehydration  of  santalal  with  phos- 
phorus pentoxide  boils  at  140—145°  nnder  25  mm.  pressure;  sp.  gr. 
0.9359  at  15°;  [u]d=  +  5°45'.  It  is  unsaturated  and  combines  directly 
with  the  hydrides  of  chlorine  and  bromine.  Nitroso  and  nitrosochloride 
derivatives  could  not  be  obtained. 

As  was  first  shown  by  Parry2  (1895)  sandalwood  oil  contains  saponi- 
fiable  substances.  It  is,  therefore,  assumed  that  part  of  the  santalol 
occurs  in  the  oil  as  ester.  The  acetylization  of  the  oil,  described  under 
the  nest  heading,  shows  that  the  bulk  of  the  oil  consists  of  an  alcohol. 
Whether  the  formula  used  in  the  calculation,  viz.  Ci»HaaO,  which  was 
assigned  to  santalol  by  Chapoteaut  is  correct  or  not  will  have  to  be 
decided  by  further  investigation.  Schimmel  &  Co.8  have  recently  obtained 
saponification  numbers  with  acetyl  ized  santalol  which  had  been  regener- 
ated from  the  phthalic  acid"  compound  which  do  not  agree  with  the 
formula  CisHaeO.  The  results  agree  better  with  CisHaaO,  or  else 
santalol  is  a  mixture  of  different  alcohols. 

Von  Soden  and  Miiller*  found  in  the  non-alcoholic  portion  of  the  oil 
a  sesquiterpene  boiling  from  261—262°;  sp.  gr.  0.898;  "d=  — 21°.  It 
could  not  be  identified  as  one  of  the  known  sesquiterpenes.  It  adds 
hydrochloric  and  hydrobromic  acid  and  bromine,  but  yields  no  crystalline 
derivative.    By  hydration  with  glacial  acetic  acid  and  sulphuric  acid  a 

Berkht  von  H,  &  Co..  Apr.  1000,  p.  44 
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small  amount  of  an  alcohol  boiling  at  160 — 105°  under  7  mm.  pressure 
was  obtained.    They  also  found  an  acid  melting  nt  154°  in  the  oil. 

Guerbet1  has  recently  investigated  sandalwood  oil,  but  his  results 
must  be  taken  with  caution  as  the  oil  investigated  had  a  very  low 
sp.  gr.  and  was  therefore  either  adulterated  or  else  an  abnormal 
distillate.  He  found  the  following  constituents:  1.  Two  sesquiterpenes: 
a-santalene,  b.  p.  252—252.5°,  sp.  gr.  0.9134  at  16°,  «D  =  — 13.98°; 
0-santalene.  b.  p.  261—262°,  sp.  gr.  0.9139  at  0°,  aD  =  —  28.55°.  The 
latter  is  identical  with  that  found  by  Von  Soden  and  Miiller.  2.  A 
mixture  of  two  alcohols,  CmHaoO,  of  different  rotatory  power.  3.  An 
aldehyde.  CibHmO,  snntalnl.  b.  p.  180°  at  40  mm.;  it  has  a  strong 
pepper-like  odor.  Its  semicarbazide  melts  at  212°.  4.  An  acid.  CinHa*0a, 
santalic  acid,  a  viscid,  colorless  liquid  boiling  at  210—212°  at  20  mm. 
5.  An  acid,  C10H14O3,  teresantalic  arid.  m.  p.  157°.  Small  amounts  of 
strongly  smelling  substances,  to  which  the  odor  of  the  oil  is  principally 
due  were  found  in  the  more  volatile  portions  of  the  oil. 

Examination.  Inasmuch  as  the  physical  constants  of  sandalwood  oil 
are  subject  to  slight  changes  only,  additions  of  almost  any  nature  can 
usually  be  detected  by  means  of  the  specific  gravity,  optical  rotation, 
and  solubility  in  70  p.  c.  alcohol.  Cedar  wood  oil,  the  principal  adulterant, 
is  readily  recognized  by  an  increase  in  the  optical  rotation,  lowering  of 
the  sp.  gr.  and  the  diminution  of  solubility.  Very  similar  changes  are 
produced  by  the  oils  from  copaiba-  and  gurjun  balsam;  the  former, 
however,  usually  diminishes  the  angle  of  rotation. 

West  Indian  sandalwood  oil,  which  is  sometimes  used  us  adulterant. 
is  dextrogyrate  and  is  very  difficultly  soluble  in  alcohol.  It  is  reported 
that  the  oil  distilled  in  India  is  sometimes  adulterated  with  castor  oil 
or  with  the  fatty  oil  from  the  seeds  of  the  sandalwood  tree,  which  is 
used  as  illuminating  oil.  Additions  of  sesame  oil,  paraffin  oil  and 
linseed  oil  are  also  reported  as  not  being-  infrequent.  All  of  these,  no 
doubt,  betray  tiieir  presence  by  their  insolubility  in  70  p.  c.  alcohol 
and  by  their  high  saponification  uuinlier  (naturally  with  the  exception 
of  paraffin  oil). 

The  best  means  of  ascertaining  the  purity  of  a  sandalwood  oil,  or 
the  amount  of  nn  adulterant,  is  to  determine  the  snntalol  content.  Good 
oils  mostly  contain  from  i):\— 98  p.  c,  never  less  than  90  p.  c.  Bantalol, 

Parrya  first  suggested  the  conversion  of  santalol,  CioHaeO,  into 
its  acetic  ester,  Cl.tHjnO.COl'Ha.  by  heating  it  with  glacial  acetic  acid 
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Fig.  «2. 
San  tal  wood  Tree. 
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in  a  closed  vessel  to  150°;  and  to  saponify  the  ester  with  alcoholic 
potassa.  According  to  Schimmel  &  Co.,1  however,  it  is  more  expedient 
to  make  the  alcohol  assay  of  volatile  oils  with  acetic  anhydride. 

The  process  is  conducted  as  follows  :* 

About  20  g.  of  sandalwood  oil  are  gently  boiled  for  \%  hour  with  an  equal 
volume  of  actic  acid  anhydride  and  a  small  amount  of  fused  sodium  acetate. 
The  product  Is  washed  with  water  and  soda  solution  and  the  resulting  oil 
dried  with  anhydrous  sodium  sulphate.  OF  the  dried  oil,  2 — 5  g.  are  boiled 
with  an  excess  ol  N/1  potassa  V.  S.  and  the  excess  of  alkali  ascertained  by 
titration  with  N/1  sulphuric  acid  V.  S. 

The  amount  of  santalol  is  calculated  with  the  aid  of  the  following  formula: 
a  X  22.2 


s—  (aX0.42) 

P  =  Santalol  content  of  the  original  oil. 

a  —  Number  of  cc.  N/1  potassa  V.  S.  consumed. 

s  =  Amount  of  acetylized  oil,  expressed  in  grams,  used  for  saponification. 

In  most  instances  the  determination  of  the  physical  constants  will 
suffice  to  distinguish  a  pure  oil  from  one  adulterated.  Positive  assur- 
ance can,  however,  be  had  by  making  a  determination  of  the  santalol 
content.  It  is,  therefore,  an  unnecessary  as  it  in  unscientific  to  resort  to 
color  reactions  which  have  been  suggested. 

lOO.    South  Australian  Sandalwood  Oil. 

Siint&lum  preissiftiium  Miq.  known  as  "quandong"  in  Australia 
bears  edible  fruits  known  as  native  peaches.  The  wood  is  dark  brown, 
of  very  dense  and  tough  texture  and  unusually  bard  and  heavy.  It 
contains  5  p.  u.  of  a  viscid,  cherry-red  oil,  sp.  gr.  1.022.  The  odor  is 
pleasantly  balsamic  reminding  somewhat  of  roses.  Upon  standing  the 
oil  separates  crystals,  which  by  recrystsllization  are  obtained  in  prisms 
melting  at  104— 105°. « 

Composition.  The  crystalline  constituent  of  the  oil  has  been  examined 
by  Berkenheim*  (1892).  He  found  the  melting  point  101—103°  and 
assigned  to  it  the  formula  CisHstOa.  The  substance  is  an  alcohol,  the 
acetic  ester  of  which  crystallizes  in  hexagonal  plates  melting  at  68.5  to 
69.5°.  With  phosphorus  trichloride  it  yields  a  chloride,  CibHmOCI, 
m.  p.   119 — 120.5° ;    phosphorus   pentachloride    does    not    act    on    the 

i)  Berloht  von  S.  *  Co.,  Oct.  1800.  p.  41, 

>)  Bertcht  von  8.  &  Co..  Apr.  189T,  p.  40. 

3)  Bericht  ron  H.  &  Co.,  Apr.  1801,  p.  49;  and  Oct.  1891,  p.  88. 

*)  Zdtachr.  (1.   Rum.  phyx.   chem.  Gen..   34,   p.  088;   Abatr.  Cheni.  Contralbt.,  1898, 
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alcohol.  The  methyl  ether  obtained  by  means  of  the  Kodium  compound 
of  the  alcohol  is  liquid.  Potassium  permanganate  oxidizes  it  to  a  liquid 
add  CtHuOs. 

101.    West  Australian  Sandalwood  Oil. 

The  wood  of  Sant&lum  cygnornm  Miq.  {Fusanas  spicatus  B.  Br.) 
is  exported  from  Freemantle,  W.  Austr.,  and  is  known  in  the  Singapore 
market  as  Swan  river  sandalwood.  In  India  and  China  it  is  used  as 
substitute  for  the  Indian  sandalwood  from  Sttnt&lum  album.  The  wood 
contains  2  p.  c.  of  oil  having  an  unpleasant  resinous  odor ;  sp.  gr.  0.953  *— 
0.965  (Parry*);  «D=+5°20'. 

West  Australian  sandalwood  oil,  therefore,  has  very  different  proper- 
ties from  those  of  the  East  Indian  oil  and  cannot  be  used  as  a  sub- 
stitute for  the  latter. 

The  oil  was  distilled  as  early  as  1875  by  Schimmel  &  Co.;  recently 
the  distillation  of  the  oil  has  been  taken  up  in  Freemantle.8 

Parry8  found  the  saponification  numbers  1.1—1.6.  After  acetylization 
he  obtained  saponification  numbers  which  seemed  to  indicate  an  apparent 
santalol  content  of  75  p.  c.  Wliether  the  alcohol  of  this  oil  is  identical 
with  that  of  S.  album  has  not  yet  been  established. 

102.    Fiji  Sandalwood  Oil. 

The  wood  of  Siintalum  jrasi  Seem*  from  the  Fiji  islands  was 
exhibited  at  the  Colonial  Exposition  at  South  Kensington  in  1886. 
Upon  distillation  it  yielded  6%  p.  c.  of  a  volatile  oil  with  a  faint  but 
not  very  delicate  odor,  thus  rendering  it  unfit  for  perfumery.8  Sp.  gr. 
0.9768;  aD  =  —  25.5°  (MacEwan."  1888). 

103.    African  Sandalwood  Oil. 

The  botanical  origin  of  this  oil  is  not  known.  The  wood  designated 
sandalwood,  from  which  this  oil  was  distilled,  was  dark  brown  in  color, 
very  hard  and  tough  and  had  been  brought  to  Europe  from  Tamatave 
(Madagascar)  via  Zanzibar.  Upon  distillation  it  yielded  3  p.  c.  of  a 
nib y  red  oil  of  the  consistency  of  East  Indian  sandalwood  oil,  which  it 
also  resembled  in  odor.11    Sp.  gr.  0.969. 

i)  Berlcht  von  S.  ±  Co.,  Oct.  1888,  p.  8«;  and  April  1801,  p.  48. 

>>  Xotea  on  Santa!  Wood  Oil,  p.  8;  Ctaom.  A  Drug.,  58,  p.  708. 

*)  Berlcht  Ton  8.  A  Co..  Oct.  1898,  p.  4H. 

«)  Pharni.  Journ.,  Ill,  16.  p.  757  ft  830. 

*1  Berlcht  von  S.  ft  Co.,  Apr.  188S,  p.  89. 

■)  Pharm.  Journ.,  Ill,  IS,  p.  Ml. 

J)  Berlcht  Ton  S.  ft  Co.,  Apr.  1891,  p.  *». 
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The  wood  is  possibly  identical  with  Hasor&nto,  a  wood  occurring  in 
northern  Madagascar  which  in  said  to  possess  properties  similar  to 
those  of  sandalwood.1 

104.    Oil  of  A«arnm  Baropaenm. 
Oleum  Asarl  Europaei.-- Huelwanftl. — Essence  d'AunL 

The  root  of  Asarum  europwum  L.  (Family  Ariatolochiuceae),  which 
grows  in  the  shady  hard  wood  forests  of  Europe,  Siberia  and  the 
Caucasus,  upon  distillation  yields  1  p.  c.  of  a  viscid  brown  oil  heavier 
tlian  water  with  an  aromatic  odor  and  a  peppery,  burning  taste.  Often 
the  oil  congeals  soon  after  distillation,  sometimes  crystals  of  asarone 
separate  only  after  prolonged  standing.  Sp.  gr.  1.018 — 1.068.  On 
account  of  its  dark  color,  the  angle  of  rotation  has  not  yet  been 
observed. 

Composition.  The  separation  of  a  solid  substance  from  the  oil  was 
first  observed  by  Gorz"  in  1814.  Lassaigne  and  Feneulle8  (1820)  seem 
to  have  regarded  the  stearoptene  obtained  by  the  distillation  of  the 
root  with  water  vapor,  as  camphor.  Further  reports  on  this  substance 
were  made  by  Grilger*  in  1830  and  hy  Blanchet  and  Sell8  in  1833 
who  made  the  first  elementary  analysis  of  asarum  camphor.  Schmidt* 
(1845J  studied  principally  the  crystallographic  characters  of  the  sub- 
stance to  which  he  assigned  the  name  asarone  which  is  still  in  use. 
Rizza  and  Butlerow7  recognized  that  asarone  contains  three 
methoxy  groups  and  assigned  to  it  the  formula  CisHieOs,  which  wap 
later  shown  to  be  correct.  Poleck  and  Staats,9  however,  found  at  first 
the  formula  C8Hi002,  later  OisHitO*  and  finally  Ci8His08. 

The  relative  position  of  the  three  methoxy  groups  was  ascertained 
by  Will*  in  18HH  who  showed  that  asarone  is  a  derivative  of  oxy- 
hydroquinone.  The  recently  accomplished  synthesis  of  asarone  by  Gat- 
termann10  shows  it  to  have  the  formula  OoHa-dsHn.  (0CHji)8  =  1  r2:i:T), 

■I  Odorugrapbln,  toI.  1,  p.  825. 

»)  Pfnlf.  Kvhi™  iler  Mat.  Med.,  vol.  8.  p.  289. 

s>  Journ.  de  Pharm.,  0,  p.  561. — Trominartorirt  Sinn  Joitrn.  d.  Pharm.,  5.  II.  p.  71. 

•)  DlBMrtatlo  de  Ahbi-o  Europium.     Dotting. 

>)  l.li-blu'H  Annalen.  6,  p.  298. 

">  I.leblg'e  Aanalen,  58.  p.  156. 

n  Berlchte.  17,  p.  1159.— Zelwchr.  d.  Bum.  pays,  ihem.  Ues..  1».  1,  p.  1;  Berirhle 
20.  Referate,  p.  222. 

»)  Berlcbte.  17,  p.  1415.  —  Chem.  ZeUunft.  9,  p.  1404.  —  Jahreih.  I.  Pharm..  lSS^. 
p.  881 .— TagBbl.  der  59.  Vena  mm  long  deut«ch»r  Naturfontrber,  18811.  p.  1 27.— Jahredb. 
I.  Pharmarie,  1S88,  p.  388. 

■  )  Berichte,  21,  p.  614. 
io)  Ucrichte,  82.  p.  289. 
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Eykman  *  made  a  study  of  the  structure  of  the  CsHs-radtcal  in  188S>. 
From  the  index  of  refraction  and  the  dispersion  he  came  to  the  con- 
clusion that  asarone  was  a  propenyl  and  no  allyl-derivative.  Properties 
and  derivatives  of  asarone  are  described  on  p.  181. 

Upon  fractionation  of  the  constituents  accompanying  the  asarone* 
Petersen9  obtained  a  laevogyrate  fraction  boiling  at  162—105°  which 
contained  1-pinene.  Upon  direct  bromination  it  yielded  a  liquid  mono- 
bromide;  after  heating  to  250°  dipentene  tetrabromide  melting  at  122° 
was  obtained. 

The  higher  boiling  constituents  distilled  principally  at  about  250° 
yielding  a  fraction  of  the  composition  CtiHuOj.  With  sodium  nitrite 
and  acetic  acid  a  nitrite  melting  at  118°  was  obtained.  When  heated 
with  hydrogen  iodide,  methyl  iodide  was  split  off.  Upon  oxidation  with 
potassium  permanganate,  veratric  acid  was  formed.  Petersen  (1888), 
therefore,  regarded  the  substance  boiling  at  250°  as  methyl  eugenol. 
Mittniann8  (1889),  however,  is  of  the  opinion,  that  it  is  not  methyl 
eugenol,  but  methyl  isoeugenol,  basing  his  conclusion  on  comparisons 
made  with  the  synthetic  methyl  ether  prepared  from  bay  oil  eugenol ; 
also  with  the  natural  ether  occurring  in  bay  oil.  Inasmuch,  however, 
as  the  phenol  from  bay  oil,  from  which  Mittmann  prepared  the  methyl 
ether,  must  have  been  a  mixture  of  eugenol  and  chavicol,  as  was  shown 
later,  the  methyl  ether  of  Mittmann  can  hardly  have  been  pure  and 
thus  his  comparisons  are  rendered  valueless.  It,  therefore,  still  remains 
an  open  question  whether  asarum  oil  contains  the  methyl  ether  of 
eugenol  or  of  isoeugenol. 

The  highest  boiling  fraction  is  colored  green  by  a  substance  not  yet 
examined. 

105.    Oil  of  Canada  Snake-root. 

Oleum  Asarl  Canadensis.  —Canad  laches  Schlangenworwlol. — Essence  de 
Serpentalre  da  Canada. 

Asarum  can&dense  L.  is  known  in  the  United  States  as  Canada  snake- 
root-  wild  ginger,  and  Canadian  asarabacca.  The  rhizome  contains  a 
fragrant  volatile  oil  which  is  used  extensively  in  perfumery  in  North 
America.  Upon  distillation,  the  dry  rhizome  yields  8.i> — 4.5  p.  c.  of  oil. 
The  rootlets  contain  somewhat  less  oil  than  the  rhizome. 

»)  Arehiv  .1.  Pharni.,  227,  p.  348. 
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Propertibs.  The  oil  has  a  yellow  to  yellowish  brown  color  and  a 
wtrong  but  pleasant  aromatic  odor  and  taste.  It  is  soluble  in  2  p.  of 
70  p.  c.  alcohol;  sp.  gr.  0.93-0.96. 

Composition.  According  to  Power1-  (1880)  the  oil  contains  the 
following  subtances: 

1.  A  very  small  amount  of  an  inactive  terpene,  CioHie,  boiling  at 
163—166°  which  possibly  is  identical  with  pinene.2 

2.  Asarol  alcohol  CioHisO;  b.  p.  196—199°;  sp.  gr.  0.874  at  17°; 
«n=+4°.  Its  odor  reminds  of  coriander  and  in  the  oil  it  is  partly 
combined  with  acetic  and  valerianic  acids  as  ester.  It  appears  to  be 
identical  with  linalool. 

8.  An  alcohol  CioHisO,  isomeric  with  the  former  but  boiling  betw- 
222—226°.  Its  odor  resembles  that  of  geranium  oil  and  possibly  con- 
sists largely  of  geraniol. 

4.  Methyl  eugenol.  Fraction  254—257°  has  the  composition 
CnHuOa,  and  upon  oxidation  with  permanganate  yields  an  acid  which 
Petersen  has  recognized  as  veratric  acid.  Methyl  eugenol  may,  therefore- 
be  considered  as  one  of  the  constituents  of  the  oil  of  Antrum  canadenee  L. 

5.  Fraction  273 — 350°  is  blue,  has  no  constant  boiling  point,  and 
in  indefinite  in  composition. 

lOB.    Oil  of  Virginia  Snake-root. 

The  rhizome  and  roots  of  Aristolochia  serpentaria  L.  and  of  A.  reti- 
culata Nutt.  (Family  Arintolochiaceae)  are  official  in  the  U.  8.  Phar- 
macopoeia under  the  title  of  SerpentHria.  As  the  rhizomes  of  both  plants 
are  similar  morphologically  and  as  to  their  therapeutic  properties,  so 
the  oils  from  both  are  closely  related. 

Aristolochia  serjwntaria  L.  upon  distillation  yields  1—2  p.  c.  of  oil 
of  valerian-like  odor  and  a  sp.  gr.  of  from  0.98—0.99.  Spica8  (1887) 
has  shown  the  principal  constituent  to  be  borneol. 

Ariatolonhia  reticulata  Nutt.,  distilled  in  small  quantities  by  Peacock* 
(1891)  yielded  but  1  p.  c.  of  a  golden-yellow  oil  of  camphor-  and 
valerian-like  odor.  Sp.  gr.  0.974 — 0.978;  id  =— 4°.  The  oil  contained  a 
terpene  boiling  at  157",  probably  pinene;  also  borneol,  which  is  com- 
bined with  an  acid  not  yet  ideutifled. 

burs;    Proc.  Am.  Phann.  Assoc.  28.  p.  464. 

>)  Comp.  Petersen.  Arch.  d.  Pharm.,  226.  p.  12ft;  Beriebte,  21.  p.  106*;  aim 
fower,  Pharm.  Rundschau,  6,  p.  101. 

')  dan.  chlm.  itnl.,  IT.  p.  81S;  Jahrenb.  I.   Pharm.,  1SST.  p.  43. 

•  I  Am.  Journ.  Pharm.,  08.  p.  2ST. 
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107.    Oil  from  Aristolochia  Clematis. 
OiterlnnHU. 

The  oil  from  the  rhizome  of  Aristolochia  clematis  L.  was  prepared 
by  Winckler1  in  1840  and  by  Frickm'ngers'in  1851,  the  former  obtaining 
0.4  p.  c.  Wall8  in  1853  distilled  the  entire  plant  and  obtained  a 
golden-yellow,  viscid  oil  of  acid  reaction  and  a  sp.  gr.  of  0.908. 

108.    American  Wormseed  Oil. 

Oleum  Chenopodll  Anthelmintic!.  —  Iheiiopodtumlil  oder  arnerlk  an  laches  Wuriii- 
sainenol.  —  Essence  de  Semen  Contra  d'Amerlqne. 

Origin.  In  the  neighborhood  of  Baltimore  the  oil  in  distilled  from 
the  entire  plant,  Chenopodium  ambrosioides  L.  var.  an  the/ mi n  tic  am 
Gray.*  Westminster  in  western  Maryland  is  the  center  of  production. 
The  fruits  are  said  to  owe  their  anthelmintic  properties  to  the  oil  they 
contain.  Upon  distillation,  the  fruit  yields  0.6—1  p.  c,  the  leaves 
about  0.35  p.  c.  of  volatile  oil. 

Properties.  The  odor  of  the  colorless  or  yellowish  oil  is  very 
penetrating,  offensive,  camphor-like;  the  taste  bitter  and  burning. 
The  sp.  gr.  of  good  commercial  oils  has  been  found  to  be  0.97;  the 
rotatory  power  between  —5  and  —6°.  A  clear  solution  resulted  with 
10  p.  of  70  p.  c.  alcohol. 

Oils  with  a  lower  sp.  gr.  and  slight  dextro  rotation  were  not  soluble 
in  70  p.  c.  alcohol  and  were  shown  to  be  adulterated  with  American 
turpentine  oil.  The  data  obtained  from  an  oil  distilled  by  Schimmel  & 
Co.  show  that  a  lower  sp.  gr.  and  a  lesser  solubility  alone  cannot  be 
regarded  as  proof  of  adulteration.  In  order  to  justify  the  conclusion 
that  turpentine  oil  is  present,  pinene,  which  does  not  appear  to  occur 
in  the  pure  oil,  should  be  shown  to  be  present. 

An  oil  distilled  by  Schimmel  &  Co.  from  the  seed0  had  a  sp.  gr.  of 
0.900;  aD=— 18°55'.  The  oil  from  the  leaves  had  a  sp.  gr.  of  0.879;° 
and  an  angle  of  rotation  of  — 82°55'.  Neither  ot  these  two  oils  was 
clearly  soluble  hi  70  p.  c.  alcohol. 

The  seed  of  Chenopodium  ambrosioides  L.,  a  closely  related  plant, 
are  used  in  Brazil  as  a  popular  anthelmintic.  According  to  PeckoltT 
they  contain  a  volatile  oil  with  a  strong  aromatic  odor,  bitter,  burning 
taste,  sp.  gr.  0.943. 

I)  Jahrb.  t.  prakt.  Pharm.,  10.  p.  Tl.  >)  Boricht  ron8.4Co.,Apr.l8B+,p.56. 

»)  Report,  t.  6.  Pharm.,  III.,  7,  p.  1.  •)  Ibid.,  p.  67. 

»>  Jahrb.  I.  prakt.  Fharm.,  26,  p.  66.  »)  Pharm.  Rundschau,  18,  p.  89. 
*)  Am.  Journ.  Pharm. .32,  p.  804;  26, p.  008. 
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The  leaves  of  this  plant  yielded  upon  distillation  0.25  p.  c  of  a 
volatile  oil  with  a  repulsive  camphor-like,  narcotic  odor,  reminding  of 
trimethylamine,  and  sp.  gr.  0.901. 1 

Composition.  The  constituents  of  American  wormseed  oil  have  as 
yet  been  but  little  investigated.  According  to  an  examination  conducted 
by  Garriguesa  in  1854  the  oil  contains  a  hydrocarbon  boiling  at  176° 
(possibly  limonene),  and  a  liquid  substance  CioHiaO. 

109.    Oil  from  Paeonia  Moutan. 

The  rootbark  of  Paeonia  moutan  Sims.  (Family  Ranunealaceae)  is 
much  used  as  a  drug  in  Japan  and  China.  On  the  inner  surface  as  well  as 
on  surfaces  made  by  fracture,  white  prismatic  crystals  of  paeonol  are 
found.  These  can  be  obtain  ed  by  distillation  with  water  vapor,  or 
better  by  extraction  with  ether.  The  crude  oil  (yield  3 — 4  p.  c.)8  is 
purified  by  shaking  the  ethereal  solution  with  soda  solution,  whicli 
takes  up  the  impurities  only;  then  combining  the  paeonol  with  sodium 
hydrate  and  regenerating  it  with  sulphuric  acid. 

Paeonol  was  first  isolated  by  Martin  and  Jagi*  (1878).  Basing 
tlieir  conclusions  on  the  elementary  analysis  of  a  calcium  derivative, 
these  chemists  regarded  it  as  a  fatty  acid  closely  related  to  eaprinic 
acid.  According  to  Nagai3  (1801)  paeonol  has  an  aromatic  odor, 
crystallizes  in  colorless,  shining  needles  melting  at  50°,  and  has  the 
composition  CoHioO.8  It  is  sparingly  soluble  in  cold  water,  readily  in 
hot  water,  alcohol,  ether,  benzene,  chloroform  and  carbon  disulphide. 
The  aqueous  as  well  as  the  alcoholic  solution  is  colored  reddish-violet 
by  ferric  chloride.  Aqueous  solutions  of  the  caustic  alkalies  dissolve 
paeonol  and  form  well  crystal! izable  derivatives. 

According  to  Nagai,  paeonol  is  p-methoxy-o-hydroxy phenyl  methyl 
ketone:  CiHs.C0CHa.0H.OCH8=l:  2:4.  When  fused  with  potassa, 
or  when  boiled  with  hydriodic  acid,  paeonol  yields  resaeetophenone, 
C6H».COCHa.OH:OH  =  1:2:4,  m.  p.  142°.  Acetyl  paeonol,  m.  p.  46.5° 
is  oxidized  with  permanganate  to  p-methoxysalieylic  acid,  CeHs-COOH. 
OH .  OCHs  =  1:2:4.  The  oxime  of  paeonol  crystallizes  in  fine  needles,  the 
phenyl  hydrazone  in  light  yellow  needles  melting  at  170°.*  Tahara7  in 
1891  prepared  paeonol  synthetically  by  methylation  of  resacetop  lien  one. 

i)  Berlcht  tod    8.   *    Co.,    Apr.    1891.  •)  Tlemann   In  1801    {lie.tir.bte,  24,  p. 

p.  49.        '  2854,)  found  the  ra.  p.  of  para  paeonol  at 

>)  Ail.  Journ.  Ph&rro.,  36,  p.  405.  48°.     Further  derivative*   ol  paeonol  are 

>)  Berlcht*,  19,  p.  1776.  described:    Bench  to,    25,   pp.  12S4,  1806, 

*)  Archlr  d.  Pharm.,  218,  p.  885.  and  29,  p.  1754. 

■)  Berichte,  34,  p.  2847.  ')  Berichte,  24,  p.  2409. 
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110.    Oil  of  Nlgella  Saliva. 

The  seeds  of  Nigellu  mttiva  L.  (Ger.  SchwarzkOmmel)  yield  0.46  p.  c. 
of  a  volatile  oil  of  a  yellow  color,  which  does  not  fluoresce  and  has 
an  unpleasant  odor.  Hp.  gr.  0.875;  aD  =  +  l°26'.  It  boils  between 
170-260°. » 

111.    Nlgella  Oil  from  Nlgella  Damascene. 

The  seed's  of  Nigellu  damascena  L.,  which  are  sometimes  also  called 
Schwarzkllmmel,  yield  upon  distillation9  0.5  p.  c.  of  an  oil  with  n 
beautiful  blue  fluorescence,  that  possesses  the  agreeable  odor  and  taste  . 
of  the  wild  strawberry.  Sp.gr.  0.895  to  0.906;  aD=  +  l04'.  In  90  p.  c. 
alcohol  the  oil  is  imperfectly  soluble,  but  miscihle  with  absolute  alcohol 
in  all  proportions. 

The  fluorescence  of  the  oil  is  due  to  damascenine,  CioHisNOs,  which 
boils  at  168°  and  melts  at  27°.  According  to  Schneider8  it  belongs  to 
the  alkaloids :  with  acids  it  forms  crystallizable  salt,  with  the  clilorides 
of  platinum,  gold  and  mercury  it  forms  double  salts.  With  the  general 
alkaloidal  reagents  it  yields  the  reactions  characteristic  of  alkaloids: 
with  iodine  potassium  iodide  a  purplish-brown  precipitate;  with  potas- 
sium bismuth  iodide  a  brown;  with  potassium  mercuric  iodide  and 
phospho  molybdic  acid  white  precipitates.  Solutions  of  damascenine 
containing  an  excess  of  nitric  acid  are  colored  a  beautiful  violet  upon 
standing  (damascenine  red).  Upon  heating  of  the  nitrate,  damascenine 
blue  results.4 

Poniraerehne6  has  recently  studied  damascenine  which  was  isolated 
by  extracting  with  dilute  hydrochloric  acid,  making  alkaline  with  soda 
and  shaking  out  with  petroleum  ether.  The  blue  fluorescent  petroleum 
ether  solution  is  then  again  shaken  with  hydrochloric  acid  and  the  acid 
solution  evaporated.  Pommerehne  sets  up  the  formula  CsHg(0CHs)>.K0, 
based  on  an  analysis  of  the  platinum  double  salt  and  a  methyl  deter- 
mination. 


i)  Berlcht  von  S.  *  Co.,  Apr.  1803,  p.  74. 

1)  Berlcht  von  S.  &  Co.,  Oct.  1894,  p.  B0. 

*)  T'barm.  Centralh.,  St,  pp.  ITS  and  191.  Comp.  also  Inaujr.  Dissertation  ol  the 
name  author,  Erlangen  1890. 

*)  The  earlier  reports  are  frequently  contradictory,  because  the  examinations  were 
conducted  In  part  with  the  Heeds  ol  Nlgclln  damascena  L.,  In  part  with  those  of  Nigtllm 
■atfra  L,.— Greenish  (1882),  Pharm.  Journ..  III.  12,  p.  881.— Retnach  <1841),  Jabrboch 
f.  prakt.  Phanu.,  II.  4.  p.  884.— KJOcklger  (1854).  Ibid..  Ill,  2.  p.  161. 

51  Archly  d.  Pharm.,  2ST.  p.  475. 
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112.    Champaca  Oil. 

The  oil  distilled  from  the  flowers  of  the  cuampnra  tree,  Mkheha  chnm- 
pnca.  L.  (Family  Magnoliaceae),  which  grows  in  Java  and  the  Philippine 
islands,  possesses  decided  fragrance,  which  strongly  resembles  that  of  the 
flowers  of  Acacia  farnesiana  Willd.,  but  also  reminds  of  that  of  violet  and 
ylang-ylang.1  Inasmuch  aB  the  oil  is  very  costly  it  can  be  had.  if  at 
all,  in  comparatively  small  quantities  only. 

The  rather  mobile  oil  is  of  a  light  yellow,  or  reddish-yellow  to 
brownish  color.  Sp.  gr.  0.907— 0.935 ;  aD=— 12°18'to  —  52°.  Saponi- 
fication number  77  (one  determination).  In  alcohol  it  is  difficultly 
soluble,  for  it  does  not  even  give  a  clear  solution  with  10  p.  of  90  p.  <*. 
alcohol. 

As  to  its  composition,  hardly  anything  is  known.  Like  ylang-ylang 
oil  it  has  a  rather  high  ester  content,  and  like  this  oil  contains  benzoic 
acid  (m.  p.  121°)  which  sometimes  crystallines  from  the  oil.2 

113.    Oil  from  Michelia  Longifolia. 

The  flowers  of  Michelia  longifolin  Bl.  (Family  Magnoliaceae).  which 
grows  in  Java,  yield  upon  distillation  a  limpid,  very  volatile  oil.  the 
odor  of  which  reminds  of  basilicum.    Sp.  gr.  0.883;  «d  =  — 12°r>0'.8 

114.   Star  Anise  Oil. 
Oleum  Anlsl  StolUtl.— Steraanltfl.— Essence  ao  Badlaue.' 

The  various  species  of  Iilkium  are  indigenous  to  middle  and 
southern  East-Asia,  Japan,  and  the  islands  of  the  Chinese  and 
Indian  seas.  On  account  of  the  similarity  of  the  fruits  of  the  different 
species,  the  statements  concerning  the  origin  of  the  various  commercial 
varieties  have  been  contradictory  up  to  the  present  time.  Linne  first 
called  the  tree,  which  belongs  to  the  Magaoliaceae.  Badanifera  anwata.* 
later  lithium  anisatum.*    A  variety  cultivated  in  Japan,  especially  in 

1)  Gnalac  oil  from  Rulneula  sarmientt  (see  thin)  which  ha*  recently  been  Intro- 
duced Into  the  market  tin  champaca  wood  all  htm  nothing  la 'common  with  genuine 
ehampaca,  oil. 

»)  Berlcht  too  8.  *  Co.,  Apr.  1882.  p.  T;  Apr,,  1804,  p.  58;  Oct.  189-1,  p.  10;  Apr. 
1897,  p.  11. 

»)  Boric ht  von  8.  ft  Co.,  Apr.  1891.  p.  59. 

•1  In  Europe,  etar  anun  was  formerly  known  an  Ani-  cle  la  Chine,  de  la  Blbcrle. 
Fotnlcalam  sinense.  Radian.  The  Inst,  name,  taken  from  the  Arabian  B&dlySa  tor 
lennel,  wu  employed  by  Pierre  Pontet,  the  author  o(  the  Hlatolre  general  ilea  droguea 
(llvre  1,  p.  48),  published  in  1694,  and  remained  In  use  for  a  long  time. 

«)  Mat.  raed.  e  regno  veget&blle,  lib.  1.  p.  180. 

•)  Specie*  plantarum,  p.  6S4, 
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the  groves  of  Buddhist  temples,  wan  described  hi  1690  by  Kiimpfer,1 
in  1781  by  Tlinnberg2  and  again  in  182.">  by  von  Hiebold.8  who  termed 


FIR.  OS 

Tonkin  Distilling  Apparatus, 
it  niiciam  japoiiicum,  which  term  be  changed  to  /.  ivligiosum  in  1837. 
Joe.  Hooker  the  younger,  showed  in   1886  that  the  official  and  com- 

■)  Amoenltnte"  exotlcae,  p.  HHO. 

>)  Flora  )&ponlca,  p.  285. 

»|  Het  geiag  van  Kftmpfer.  Tbunberg.  Linnaeus  en  andereo,  omtrent  den  botaniscben 
oomproujc  van  den  «tcr«nij*  dee  Handel*.  I-elrten,  1887,  p.  10.  — Rein,  Japan,  1388, 
vol.  3,  pp.  160  and  307. 
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mon  star  anise  is  not  derived  from  the  species  termed  I.  Hn'matum  by 
Linne",  and  named  the  tree  /.  verum. 

The  volatile  oil  was  distilled  in  the  course  of  the  eighteenth  century, 
but  did  not  find  wider  application  until  the  nineteenth  century.  As  to 
its  constituents  and  percentage  of  volatile  oil,  star  anise  was  examined 
by  Neumann  and  Cartheuser,1  later  in  1818  by  Meistmer.2 

Preparation.  At  present,  star  anise  oil  is  imported  principally 
from  the  northwestern  provinces  of  China  and  from  the  French  colony 
Tonkin.    In  both  districts  it  is  prepared  on  a  large  scnle. 

The  distillation  is  conducted  in  a  primitive  manner.  According  to 
English8  and  French  reports  the  method  in  Tonkin  is  the  same  as  in 
the  Chinese  provinces. 


Chinese  Distilling  Apparatus. 


The  still  (flg.  65)  consists  of  a  strong,  vapor-tight  wooden  barrel  or  of  an 
iron  cylinder,  the  bottom  of  which  is  frequently  perforated.  This  rests  on  an 
hemispherical  or  flat  iron  kettle  fastened  in  a  hearth  of  masonry  and  heated 
by  direct  Are.  The  upper  part  of  the  barrel  or  cylinder  is  so  constructed 
that  the  charging  and  discharging  can  take  place  from  above,  and  that  the 
vapors  escape  throng!)  a  central  opening  and  tube  into  the  condenser  situated 
above.  This  consists  usually  of  an  earthenware  jar  covered  by  a  tin  kettle. 
The  latter  is  tilled  with  water,  supply  and  exit  tubes  consisting  of  bamboo. 

The  barrel  or  cylinder  is  filled  with  comminuted  star  anise.  After  all 
joints  have  been  sealed,  the  water  in  the  kettle  below  is  heated.    The  vapors 

i)  Elements  cbymlae-medlcae,  vol.  2,  p.  827. 

■)  Buebboti.  Tanehenb.  I.  Scbeideltunatler.  u.  Apoth.  auf  daa  Jahr  ISIS  nod  1819,  p.  1. 
■)  Decennial  Report*  on  Che  trade,  etc..  In  China  and  Core*,    8tatlatlcal  eerie*  No.  6, 
1882  to  1891,  p.  659. 
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of  water  and  oil  condense  on  the  lower  surface  of  the  h em i spherical  upper  wall 
of  the  condenser  and  flow  through  a  tinned  tube  from  the  condenser  basin 
into  a  basin  usually  made  of  wood  and  lined  with  tin. 

The  Chinese  apparatus  is  not  essentially  different.  The  rt*ceiver,  however, 
constats  of  two  chambers  and  is  so  arranged  that  the  lighter  oil  flows  into  the 
second  chamber,  whereas  the  water  is  prevented  from  flowing  over  by  means 
of  a  siphon  (fig.  66). 

In  Tonkin  a  kind  of  Florentine  flask  is  used  and  the  aqueous  distillate  is 
allowed  to  flow  back  into  the  still. 

As  a  rale,  the  stills  contain  3  picnls  =  180  k.  of  star  anise.  The  distillation 
lasts  about  4j  hours.  The  yield  averages  5J4  k.  or  about  3  p.  c.  of  oil,  which 
is  shipped  in  lead  canisters  of  7.5  k. 

Composition.  Anethol  is  the  most,  important- and  valuable  con- 
stituent of  star  anise  oil.  The  congealing  point  shows  whether  the  oil 
is  relatively  rich  in  anethol;  an  exact  method  of  assay  has  not  yet 
been  devised.  Inasmuch  as  from  80  to  00  p.  c.  of  anethol  can  be 
obtained  from  good  anise  oil  by  repeated  freezing,  the  true  content  may 
be  regarded  as  somewhat  higher.  Anethol  was  first  recognized  in 
star  anise  oil  by  Cahours1  in  1841,  who  established  the  identity  between 
the  stearoptene  of  fennel,  luiise  and  star  anise  oils.  Shortly  after- 
ward, Persoz3  obtained  anisic  acid  from  anethol  by  oxidation  with 
chromic  acid.  He  called  the  acid  badianic  acid.  For  properties  and 
derivatives  of  anethol  see  p.  179. 

The  remaining  10—20  p.  c.  of  the  oil  consist  of  a  mixture  of  at 
least  five  different  substances.  The' lowest  fraction  157—175°  contains 
two  terpenes.8 

1)  d-Pinene:  b.  p.  15TV1630;  «d  —  +  21° 30' ;  m.  p.  of  the  nitrol- 
benzylamine  122—123°. 

2)  1-Phellandreue:  b.  p.  170—175°;  «D=— 5°40';  m.  p.  of  the 
nitrite  102°. 

31  Methyl  chavicol  (para  inethoxy  allyl  benzene),  the  isomer  of 
anethol  (para  methoxy  propenyl  benzene),  has  not  yet  been  isolated  in 
a  pure  form  from  star  anise  oil.  Judging  from  the  properties  of  the 
corresponding  fraction  its  presence  can  not  well  be  doubted.*  If  star 
anise  oil  is  freed  as  far  as  possible  from  anethol  by  repeated  freezing, 
a  mobile  oil  is  obtained  which  suffers  striking  changes  when  boiled  with 
alcoholic  potassa  (Eykman's  method).  The  boiling  point  rises,  the 
index  of  refraction  is  increased,  and  upon  freezing  large  amounts   of 

i)  Compt.  rend.,  12,  p.  1218;  Lleblg'a  Annalen,  85,  p.  818. 
>)  Corapt.  rend.,  18.  p.  488:  Llebig's  Anualen,  44,  p.  811. 
*)  Berlcht  tod  S.  &  Co.,  Apr.  1808,  p.  56. 
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anethol  are  again  separated.  This  has  evidently  l>een  formed  by  the 
action  of  the  potassa  on  the  preexisting  methyl  cliavicol. 

■i)  Hydroqui  none  ethyl  ether,1  CeH^OHf.OCaHs,  but  mere  traces  of 
which  are  present,  can  only  be  obtained  by  shaking  out  large  amount* 
of  star  anise  oil  with  aqueous  alkali.  When  pure  it  crystallises  in  color- 
less laminae  of  pearly  lustre  which  melt  at  64°. 

5)  Safro!  is  considered  to  be  present  though  a  satisfactory  proof  of 
its  presence  has  not  yet  been  given.  Oswald3  (1801)  attributes  the 
difference  in  odor  of  star  anise  oil  from  that  of  anise  oil  to  safrol. 

Two  substances,  which  are  found  not  only  in  star  anise  oil,  but  in 
every  oil  containing>  anethol  are  anisic  aldehyde  and  anisic  acid.  They 
are  said  not  to  preexist  in  the  oil  but  are  formed  by  oxidation  due  to 
exposure  to  air.  The  older  the  oil.  the  larger  the  amount  of  these  two 
substances  present. 

Propebties.  Star  anise  oil  is  a,  colorless  or  yellowish  liquid  of 
great  refractive  power.  On  account  of  the  high  percentage  of  anethol 
it  congeals  in  the  cold.  It  has  an  anise-like  odor;  an  intensely  sweetish 
taste:  sp.  gr.  0.98  to  0.99;  rotation  slightly  laevogyrate,  «d  up  to 
— 2°.8  The  oil  forms  a  clear  solution  With  three  or  more  parts  of 
90  p.  c.  alcohol.    The  congealing  point  lieB  between  +  14  and  +  18°.* 

Under  certain  conditions,  especially  in  closed  vessels  and  when  slowly 
cooled,  star  anise  oil  can  be  cooled  far  below  its  congealing  point  with- 
out being  solidified  and  may  then  remain  liquid  for  a  long  time.  The 
congealing  is  usually  induced  by  some  external  impetus,  by  a  particle 
of  dust  or  by  shaking,  and  takes  place  the  more  readily  the  lower  the 
temperature  of  the  oil.  The  best  way  to  cause  a  cooled  oil  to  solidify 
is  to  drop  into  it  a  particle  of  anethol  or  to  scratch  the  inner  side  of 
the  dish  with  a  glass  rod. 

It  is  noteworthy  that  an  old  oil  which  has  been  kept  for  a  longer 
period  in  partly  filled  containers  or  which  has  been  exposed  to  the  air 
by  repeated  melting,  gradually  loses  its  power  to  congeal  on  account 
of  the  partial  oxidation  of  anethol  to  anisic  aldehyde  and  anisic  acid. 

i)  Bericht  von  8.  ft  Co.,  Oct.  180B,  p.  H. 

>)  Archlv  d.  Pharm.,  33B,  p.  sis. 

>)  In  a  lew  Instance*  nil* lit  deitro  rotation   hn«  been  observed 

»)  Recently  oils  have  found  their  way  Into  the  market  that  had  a  lower  congealing 
point  bat  were  unadulterated.  The  properties  ol  five  of  such  oils  were  na  follows: 
up.  gr.  0.U88— 0.098;  ".™J-0°11'  to  -0°:I2';  congealing  point  +8%  to  IB^T;  all 
soluble  In  1H  P-  ot  SO  p.  c.  alcohol.  These  "flower  oils,"  as  they  hare  been  designated. 
are  not.  however,  obtained  from  the  flowers  of  the  star  anise  tree,  bnt  from  the  unripe 
fruits  which  are  picked  to  facilitate  the  ripening:  of  the  other  fruits.  Though  not 
adulterated,  these  oils  cannot  be  regarded  as  the  equivalent  of  the  oil  from  the  ripe 
fruit  and  should  not  be  sold  In  Its  place.     (Berlrht  von  Schfmmel  &  Co..  Oct.  1S»8.  p.  *7.> 
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In  order  to  distinguish  between  star  anise  oil  and  anise  oil  a  color 
reaction1  with  alcoholic  hydrogen  chloride  has  been  recommended, 
which,  however,  does  not  yield  reliable  results.  Star  anise  oil  is  said 
to  give  a  yellowish  to  a  hrownish  color  with  this  reagent,  whereas 
anise  oil  is  colored  bine  or  red  according  to  the  degree  of  concentration 
of  the  acid. 

Examination.  In  order  to  detect  adulterations  and  to  test  for 
a  normal  anethot  content,  tiie  specific  gravity,  solubility  and  congealing 
point  should  be  determined. 

Formerly  adulterations  were  never  observed  and  it  is  only  in  recent 
years  that  it  has  occurred  to  the  Chinese  to  add  petroleum  to  tlie  oil. 
This  addition  causes  a  lowering  of  the  specific  gravity  and  of  the  con- 
gealing point  and  also  influences  the  solubility  in  90  p.  <■.  alcohol. 
Whereas  pure  oil  dissolves  without  turbidity  in  three  or  more  parts  of 
90  p.  c.  alcohol,  oil  adulterated  with  petroleum  produces  a  turbid 
mixture  from  which  the  petroleum  separates  in  the  form  of  drops  upon 
prolonged  standing. 

In  order  to  isolate  the  petroleum,  the  oil  ia  distilled  with  water  vapor  and 
the  flrst  distillate  collected  separately,  and  treated  first  with  concentrated 
sulphuric  acid  and  then  with  concentrated  nitric  acid.  The  volatile  oil  is  Thus 
destroyed  whereas  the  petroleum  remains  almost  unchanged  and  can  be 
recognized  br  its  general  properties.  High  boiling  mineral  oils  are  non-volatile 
with  water  vapor  and  will   be  found  in  the  residue. 

The  following  table3  shows  in  how  far  the  properties  of  star  anise 
oil  are  modified  by  the  addition  of  from  •"»  to  10  p.  c.  of  petroleum. 


Sp.  )tr. 


The  same  with  5  p.  i 

petroleum 

The  same  with  10  n.  . 

petroleum 


f  16!i° 

fl4!T 


Solubility  in  90  p.  c.  alcohol 

1:2.2  and  more. 


From  the  above  data  it  becomes  apparent  that  adulteration  with 
petroleum  is  more  readily  recognized  by  the  determination  of  the  specific 
gravity  and  solubility  than  by  the  congealing  point.  For  this  reason 
an  oil  should  be  required  to  stand  the  tests  of  specific  gravity  and 
solubility  even  if  it.  conforms  with  the  requirements  made  with  regard 
to  the  congealing  point. 

t)  Ejkman  (1881).  Mltthril.  d.  rleutsch.  tipwllsch.  t.  Natur-  und  Vfilkerkunde  Ost- 
aatona,  3B.  —  Umnj.  Pbarm.  Journ..  Ill,  IB.  p.  617.  —  Snulre.  ibid.,  III.  24,  p.  104.- 
Cnmey,  ibid..  Ill,  25.  p.  947. 

■)  Brrltht  von  S.  &  Co..  April  1807,  p.  42. 
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On  the  other  hand,  unadulterated  oils  that  are  normal  with  regard 
to  specific  gravity  and  solubility,  may  l>e  defective  as  to  anethol  content. 
Inasmuch  as  the  oil  is  valuable  in  the  ratio  of  its  anethol  content,  and 
as  the  congealing  point  rises  with  the  latter,  the  congealing  point  may 
be  regarded  as  a  direct  measure  of  the  quality  of  the  oil. 

Determination  of  the  congealing  point*.  When  taking  a 
sample  of  the  oil,  care  should  be  taken  that  the  eon  tents  of  the  canister 
are  completely  melted  and  well  mixed. 

200  g.  of  oil  are  transferred  to  a  flask  and  Altered  if  necessary.'  An 
accurate  thermometer,  indicating  half  degrees,  is  dipped  into  the  oil  and  thin 
cooled  by  means  of  chopped  ice  or  ic«  water.  During  the  process  of  cooling 
shaking  is  to  be  avoided,  neither  is  the  liquid  to  be  stirred  with  the  thermometer 
in  order  to  avoid  premature  congealing.  After  the  oil  has  been  coolud  to  about 
+  C  to  8°.  crystallization  is  induced  by  the  addition  of  a  particle  of  solid 
anethol  or  solid  star  anise  oil,  or  by  scratching  the  inner  wall  of  the  flask  with 
the  thermometer.  During  the  solidification,  the  mixture  is  continuously  stirred 
in  order  to  facilitate  the  process  of  congealing.  In  the  course  of  this  operation 
the  temperature  rises  rapidly.  The  highest  point  which  the  mercury  readies  is 
the  congealing  point. 

The  determination  can  be  made  with  less  material  with  the  aid  of 
Beckmanns  apparatus  for  the  determination  of  molecular  weights 
described  on  p.  187. 

In  order  to  obtain  uniform  results,  care  should  be  exercised  to 
induce  crystallization  at  a  temperature  of  about  6  to  8°.  The  melting 
point  of  the  oil  would  be  just  as  serviceable  aa  the  congealing  point 
were  it  not  for  the  fact  that  the  latter  can  be  ascertained  much  more 
accurately.  The  congealing  point  of  star  anise  oil  should  not  be  below 
13°.  The  oil  imported  from  Tonkin  usually  has  a  higher  congealing  point. 

Production  and  Commerce.  The  production  of  star  anise  is  restricted 
to  the  Chinese  districts  Lung-chow  (province  Kwang-si),  Po-se  (province 
Kwaug-tung).  and  to  the  neighborhood  of  Lang-son  in  the  French 
colony  of  Tonkin.  The  yield  is  subject  to  considerable  fluctuations,  being 
only  1.922  piculs  in  1895,  whereas  it  was  10,138  piculs  in  1892.  During 
the  last  1(1  years  between  3,000  and  13,000  piculs  of  star  anise,  or 
180,000  to  780,000  k..  taken  for  export,  were  shipped  exclusively  via 
Pak-hoi  to  Hong-kong  which  is  the  world's  market  for  this  drug. 

A  still  larger  quantity  of  star  anise  is  used  for  the  distillation  of  the 
oil.    The  two  Chinese  districts  mentioned  above  produce  about  1,500  to 

<)  OIIh  that  are  not  perfectly  clear  can  be  cooled  below-  the  congealing  point  onl.r 
with  difficulty.  The  Kiinpeiitled  nolld  particle*  Induce  crystal  Illation  a*  aoon  aa  the 
temperature  nan  Iwen  reduced  to  xeveral  decree"  below  the  congealing  point. 
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2,000  piculs  or  3.000 — 1,000  cases  which  are  also  shipped  to  Hong-kong 
via  tbe  port  Pak-hoi.  The  Tonkin -Chinese  border  district  has  produced 
about  400  piculs  or  800  cases  in  recent  years.  This  is  taken  by  rail 
and  steamer  to  the  Tonkin-Chinese  port  Hai-phong  whence,  favored  by 
special  duty  regulations,  it  is  shipped  exclusively  to  France.  On  account 
of  its  high  anethol  content,  it  has  met  with  special  favor  in  recent  years 
and  is  preferred  to  the  Chinese  oil. 

Total  export  of  star  anise  oil  during  the  last  10  years: 


Year 

From  Pnk-hol  and  Lappa  1 

From  H 

il-pbontc 

Total 

I  Macao; 

(Ton 

1888. 

076  Piculs  » 

150  Piculs 

1126  PiculB 

1889 

810      "                 ! 

200 

101O      " 

1890 

1294      " 

2  TO 

1524       " 

1*91 

507      " 

795      " 

1892 

1803      "                 1 

1803       " 

189a 

862      " 

862      " 

1894 

1998      " 

1998       " 

1895 

489      '* 

13 

502       " 

1898 

2309      "               ; 

+»5 

2804      " 

1897 

1398       ■' 

39U 

1797      " 

The  price  of  the  oil  is  also  subject  to  considerable  fluctuations. 
During  the  last  twenty  years  it  has  varied  between  $1.30  and  #2.25 
per  pound.  Since  several  years  the  congealing  point  serves  as  basis  for 
its  valuation.  The  principal  Hongkong  and  Tonkin  firms  are  familiar 
with  the  method  and  have  the  necessary  equipment. 

115.    Star  Anise  Leaf  Oil. 

The  natives  of  the  P4  86  district  obtain  an  oil  by  distilling  the 
leaves  and  even  the  branches  of  star  anise  trees.  The  yield  is  about 
0.75  p.  c.  (Simon2). 

In  odor  the  oil  differs  slightly  from  that  of  the  fruit,  the  odor  of 
anisic  aldehyde  being  far  more  pronounced.  It  has  a  higher  sp.  gr.  than 
the  oil  from  the  fruit,  0.9878  at  15.5°;  aD  =  +  l0-B  According  to 
Umney'8  the  proportion  that  boils  above  230°  is  quite  different  from 
that  of  the  oil  from  the  fruit. 

Star  anise  frait  oil.       Star  aniiw  leaf  oil. 
Below  225°  20  p.  c.  10  p.  c. 


30 


1808  the  total  export  has  been  valiiei 
»)  Chem.  *  DrunslHt.  08.  p.  875. 
»>  Uht'm.  &  Druggist,  fl-l,  p.  823. 
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The  anethol  content  is  small  and  its  congealing  point  correspondingly 
low,  for  which  reason  it  nan  been  designated  as  liquid  star  anise  oil '  and 
appears  to  be  need  as  an  adulterant  and  a  substitute  lor  the  oil  from 
the  fruit. 

116.   Japanese  Star  Anise  Oil. 

The  oil  from  the  leaves  of  HJfcium  religiosuni  Sieb.  (Japanese  Sliikimi), 
,  the  Japanese  star  anise  tree,  which  is  ill-fumed  on  account  of  its  poisonous 
fruits,  was  examined  by  Eyknian2  in  1881.  Upon  distillation  of  the 
leaves  he  obtained  0.44  p.  c.  of  volatile  oil,  sp.  gr.  1.01)6  at  10.5°. 
[«]D  =  — 8°ti'.  It  contains  a  terpens  (b.  p.  173—176°;  sp.  gr.  0.855 ; 
■d  =— 22..V)  and  25  p.  c.  of  a  liquid  anethol  which  yields  nitroauisic 
«rtd  melting  at  174°. 

According  to  a  second  contribution  by  the  same  author8  (1885)  the 
sliikimi  leaf  oil  consists  of  eugenol,  a  terpene  "shikimene",  (b.  p.  170°; 
sp.  gr.  0.865)  and  "shikimol"  or  safrol.  It  is  noteworthy  that  Eykman 
determined  on  "shikimol"  the  constitution  of  safrol  Culls:  OsCHs(ChHb). 

The  fruits  of  the  Japanese  star  anise  tree  also  contain  a  volatile 
oil4  of  a  disagreeable  odor,  which  has  nothing  in  common  with  that  of 
the  true  star  anise  oil.    Hp.  gr.  0.984;  od  =— 4° 5'. 

117.    Winter's  Bark  Oil. 

According  to  Arata  and  Canzoneri"1  (1889).  the  genuine  Winter's 
bark  of  Drimys  winteri  Forst.  contains  0.64  p.  c.  of  a  dextrogyrate 
volatile  oil.  This  consists  principally  of  a  hydrocarbon,  "winterene" 
boiling  at  260— 205°,  which  the  authors  regard  as  a  triterpene.  Probably, 
however,  it  is  a  sesquiterpene. 

118,  119.    Ylang-Ylany  Oil  and  Cananga  Oil. 

Olenm  Anonae.  Oleum  Canangae.  —  Ylang>Ylangttl,  Canangalll.— Essence  de 
Ylang-Ylang.  Essence  de  Cananga. 
Okigi.n  A«n  History.  Ylang-ylang  oil  is  obtained  by  the  distillation 
of  the  flowers  of  Can&nga  odorata,  Hooker  et  Thomson  (Family 
Anoimceae).  This  tree  occurs  in  the  Malay  Archipelago  and  in  the 
Philippines  and  is  cultivated  in  the   latter  and   throughout   southern 


vnikerkuode  ostanlwiH,  28:  i 

v.  chlm.  des  P.   It..  4.  p.  R2:  Berlchw,   IS.  Ret.  p.  281. 
von  8.  &  Co..  Sept.   18S5.  p.  29:  Oct.  1898,  ]>.  40. 
i.  f.   Pharm..  18H9.  p.  70. 
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Asia.  The  first  statement  in  European  literature  concerning  this  tree  is 
made  by  the  English  botanist  John  Ray  (born  1628,  died  1705).  who 
descril>ed  the  tree  under  the  name  Arbur  Sugiiiaen.  Rumpf,  a  contem- 
porary of  Ray  described  and  illustrated  it  as  Borga  Cananga.  Lamarck 
called  the  tree  Urariu  or  C'nonia  odor&ta.  Roxburgh  became  acquainted 
with  the  tree,  which  had  been  transplanted  from  Sumatra  to  the 
botanical  garden  in  Calcutta,  in  1707.  The  first  correct  illustrations  of 
flower  and  fruit  were  published  by  Blume  in  1828. 

Notwithstanding  the  exceeding  fragrance  of  the  blossoms  and  the 
desire  of  the  European  colonial  powers  to  And  profitable  commercial 
articles  in  the  Malay  Archipelago,  the  manufacture  of  ylang-ylang  oil 
was  first  couducted  by  Germans  in  the  island  of  Luzon  in  the  early 
sixties.  The  oil  Iwcame  known  to  wider  circles  through  its  exhibition 
at  the  Paris  Industrial  Exposition  in  1878  by  the  Manila  merchants 
Oskar  Reymann  and  Adolf  Roensch. 

Ylang-ylang  oil  is  distilled  in  the  islands  of  Luzon  and  Java.  The 
blossoms  of  the  trees  growing  in  dense  forests  are  said  to  be  less 
fragrant  and  poorer  in  oil  than  those  of  cultivated  trees  or  trees  stand- 
ing in  clearings. 

In  the  process  of  distillation,  the  oxygenated  constituents  and  the 
esters,  the  substances  to  which  the  fragrance  of  the  cananga  blossoms 
is  due,  pass  over  first ;  later  the  sesquiterpenes  predominate.  In  Luzon, 
and  recently  also  in  Java,  the  first  part  of  the  distillate  is  kept  separate 
and  brought  into  the  market  as  ylang-ylang  oil,  whereas  the  second 
part  of  the  distillate  or  the  entire  oil  is  sold  as  cananga  oil. 

On  account  of  the  delicacy  of  the  flavor,  the  collection  and  distil- 
lation of  the  blossoms  requires  special  knowledge  and  care.  For 'this 
reason  but  few  distillers  have  succeeded  so  far  in  manufacturing  a 
uniformly  good  article  of  like  qualities. 

Composition.  Although  the  ylang-ylang  oil  consists  principally  of 
the  lower  and  cananga  oil  of  the  higher  fractions,  the  difference  between 
these  two  oils  is  of  a  quantitative  rather  than  a  qualitative  nature. 

The  first  examination  of  ylang-ylang  oil  was  made  by  Gal *  in  1873. 
Upon  saponification  of  the  oil  with  alcoholic  potassa  he  obtained  ben- 
zoic  acid,  thus  indicating  the  presence  of  a  benzoic  ester.  Reychler,* 
who  later  (1894)  made  a  more  careful  examination  of  both  oils,  also 
found  acetic  acid  to  be  present  as  ester. 


'.  370  anil  1W3; 
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Of  the  alcoholic  constituents  which  are  possibly  combined  with  these 
acids,  the  following  have  been  identified:  l-liiialool  (b.  p.  196—198°; 
Hp.gr.  U.874  at  20°;  «D  =  —  16°25')  and  geraniol  (b.  p.  230°;  sp.  gr. 
0.885  at  20°)  wliich  was  separated  from  the  corresponding  fraction  by 
menus  of  the  calcium  chloride  compound. 

In  addition  to  these  esters,  the  characteristic  odor  of  the  oil 
is  partly  due  to  the  presence  of  the  methyl  ether  of  para  cresol. 
CHa.CflH4.OCH8,  wliich  boils  at  175°  and  upon  oxidation  yields  anisic 
acid  melting  at  178c. 

The  high  boiling  fractions,  especially  of  the  cananga  oil,  contain 
cadinene  (di  hydrochloride,  m.  p.  117°  I.  This  sesquiterpene  is  accom- 
panied by  a  colorless  and  odorless  substance1  crystallizing  in  needles 
that  melt  at  138°,  which  evidently  helongs  to  the  class  of  ses- 
quiterpene hydrates.  In  the  lower  boiling  portions  a  very  small  amount 
of  a  terpeue,  presumably  pinene.2  is  contained. 

Besides  these  substances,  the  oil  contains  a  very  small  amount  of 
a  compound  that  combines  with  acid  sulphite,  the  chemical  nature  of 
which,  however,  has  not  yet  been  determined.  The  violet  color  reaction, 
which  the  oil  produces  with  ferric  chloride,  indicates  the  presence  of 
a  phenol  (Flflckiger,8  1881)  the  isolation  of  which  would  demand  a 
large  quantity  of  this  costly  oil. 

Properties  of  Ylang-Ylanh  Oil.  The  ylaug-ylang  oil  from 
Manila,  which  alone  is  of  importance  commercially,  constitutes  a  light 
yellow  liquid  of  exceeding  fragrance.  Sp.  gr.  between  0.930  and  0.950; 
«d=  — 38  to— 45°.  In  alcohol  the  oil  is  but  difficultly  soluble.  Generally 
a  clear  solution  is  obtained  with  %  to  2  volumes  of  90  p.  c.  alcohol 
but.  as  a  rule,  this  solution  becomes  turbid  upon  the  addition  of  more 
alcohol.  Inasmuch  as  the  odor  is  largely  dependent  on  the  esters 
present,  the  determination  of  the  saponification  number  (between  75 
and  120  for  good  oils)  is  to  be  recommended.  With  ferric  chloride  the 
alcoholic  solution  of  the  oil  produces  a  violet  color  reaction. 

Ylang-ylang  oils  of  other  sources  vary  considerably  in  their  physical 
properties  from  those  of  the  Manila  oil.  The  oil  examined  by  Gal,4 
which  is  reported  to  have  been  obtained  from  the  West  Indies,  had 
a  sp.  gr.  of  0.980  at  15°  and  «d  =  — 28°.  An  oil  distilled  in  Reunion3 
had  a  sp.  gr.  of  0.974. 

it  ltericht  von  S.  &  Co.,  Apr.  1SUB.  p.  U2. 

»)  Berlcbt  von  3.  &  Co..  Apr.  1896,  p.  07. 

»>  Arch.  <1.  Pharm.,  21S,  p.  Hi;  alio  Iteyrhler,  loc.  rli. 

*)  Coiipt.  rend..  76,  p.  1483. 

»)  Bcrlcht  voq  S.  &  Co.,  Oct.  1S0O.  p.  41. 
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The  differences  exiting  in  the  properties  of  pure  oils  render  difficult 
the  detection  of  adulteration*.  To  pass  judgment  on  the  quality  of 
ylang-ylang  oil  in,  therefore,  often  a  matter  to  be  decided  by  the  per- 
fumer rather  than  by  the  chemist. 

Pbopbrties  op  Canawga  Oil.  The  odor  of  Cananga  oil  in  similar 
to  that  of  ylang-ylaug  oil,  but  not  as  fine.  Owing  to  the  different 
methods  of  preparation,  the  physical  properties  are  subject  to  con- 
siderable variations:  sp.  gr.  0.91—0.94;  <*n=— 17 to—  55°. 

In  90  p.  c.  alcohol  cananga  oil  is  not  completely  soluble.  Of  95  p.  c. 
alcohol  X%  to  2  vols,  are  mostly  necessary,  but  the  solution  becomes 
turbid  on  the  further  addition  of  alcohol.  However,  no  drops  separate 
from  the  resulting  opalescent  liquid  upon  standing. 

The  saponification  number  is  10—80.  In  general  an  oil  with  a  high 
saponification  number  may  be  regarded  as  the  beet,  provided  this  is 
not  due  to  the  presence  of  cocoa  nut  oil. 

Cananga  oil  from  dried  flowers.1  Dried  cananga  blossoms 
from  Samoa,  known  there  as  Moeoi  yielded  1  p.  c.  of  oil  upon  distil- 
lation. Its  odor  was  somewhat  different  from  that  of  the  oil  from  fresh 
blossoms  but  had  the  same  general  character.  Like  ordinary  cananga 
oil,  it  contained  benzoic  acid  and  had  a  sp.  gr.  of  0.922. 

Adulteration'.  In  recent  years  adulteration  with  cocoa  nut  oil  has 
been  observed  repeatedly  in  connection  with  oils  coming  via  Amsterdam.8 
Such  addition  can  readily  be  recognized.  Specific  gravity  and  rotatory 
power  are  influenced  but  little,  but  the  saponification  number  is  con- 
siderably increased  and  the  oil  ceases  to  be  soluble  in  95  p.  c.  alcohol. 
From  the  turbid  mixture  of  oil  and  alcohol  drops  of  oil  separate  upon 
standing. 

Cocoa  nut  oil  can  also  be  recognized  without  difficulty  by  exposing 
the  suspected  oil  to  the  temperature  of  a  freezing  mixture  of  ice  and 
salt.  Whereas  a  pure  oil  remains  liquid,  an  oil  adulterated  with  larger 
amounts  of  cocoa  nut  oil  congeals  to  a  butter-like  mass.  This  test  can 
readily  be  carried  out  by  anyone  and  should  never  be  omitted. 

Small  amounts  of  fat  as  well  as  other  oils  that  do  not  congeal  at 
low  temperatures  remain  behind  upon  distillation  with  water  vapor 
and  will  be  found  in  the  residue.  It  should  be  borne  in  mind,  however, 
that  undulterated  oils  also  leave  a  residue  of  about  5  p.  c.,  which  amount 
should  be  deducted  in  an  approximate  quantitative  determination. 


b.Google 


1 20,  121.    Oils  of  Mace  and  Nutmeg. 

-Essence  de 

Origin  and  History.  The  nutmeg  tree.  Mjristhv  frngrans  Hout- 
thuyn  (M.  ofttcirmlis  L.,  J/,  mosehnta  Thunberg),  which  belongs  to  the 
family  Myristicoceae  and  which  attains  a  height  of  20  meters,  in  in- 
digenous to  the  Molucca,  Band  a  and  Kundn  islands.  It  has  Iwen 
cultivated  extensively  in  these  islands  and  also  in  other  countries. 

The  distilled  oils  of  nutmeg  and  mace  were  well  known  to  the 
authors  of  the  "DestillirbUcher"  about  the  middle  of  the  sixteenth 
century  and  later  Cord  us1.  Ryfia,  Gesner8,  Porta4,  ■  Whither*  and 
others  repeatedly  mention  the  oils.  Both  oils  are  first  mentioned  in  the 
apothecaries'  price  ordinances  of  Berlin  of  1574,  those  of  Frankfurt  and 
Worms  of  1582,  and  in  the  1589  edition  of  the  Dispensatorium  Noricum. 
These  oils  were  first  examined  by  Neumann,"  (1749),  Valentini1 
(1719).  and  Bonastre"  (1824).  Upon  distillation  nutmegs  yield 
8—13  p.  c.j  mace  4 — 15  p.  c.  volatile  oil. 

Properties  op  Oil  of  Mace.  It  is  colorless  or  yellowish,  becoming 
reddish-yellow  with  time.  It  has  a  pleasant  though  strong  mace  odor 
which  with  age  becomes  unpleasant  and  tere  bin  thin  ate.  The  taste  is  mild 
at  first,  then  pungent,  aromatic.  As  a  rule  the  specific  gravity  of  oil  of 
mace  is  somewhat  higher  than  that  of  oil  of  nutmeg  and  varies  between 
0.890  and  0.930;  aD  =  +  10  to  +20°.  The  oil  is  clearly  soluble  in 
3  parts  of  90  p.  c.  alcohol. 

Properties  op  Oil  op  Nutmeg.  This  is  a  mobile,  colorless  liquid 
which,  owing  to  the  absorption  ol  oxygen,  becomes  viscid  with  age,  has 
a  characteristic  nutmeg  odor  and  a  spicy  taste.  According  to  the 
nature  of  the  crude  material,  the  sp.  gr.  of  the  distillate  varies  between 
0.865  and  0.920;  «D=  + 14  to  +  28°.  The  oil  is  clearly  soluble  in 
3  parts  of  90  p.  c.  alcohol.  When  distilled,  about  60  p.  c,  pass 
over  below  180°.  When  evaporated,  a  small  amount  of  a  fatty  sub- 
stance, consisting  principally  of  myristic  acid,  remains  behind. 

Oil  of  nutmeg  clearly  resembles  oil  of  mace  in  all  of  its  properties 
and  is  scarcely  distinguishable  from  the  latter. 

i)  Annotation™,  etc.,  De  artlrl    eitr.  lib.,  fol„  228. 

s>  Neil  iitoi!  Dentilllrbuch.     Ed.  Frank  1. -a. -M..  (ol.  1*1. 

*)  Klu  kSatllcher  Srhats,  etc.,  p.  215. 

•)  Marfae  natu  rails,     lib.  de  deat..  para  1,  p.  378. 

■)  Gulntheri,  Andernaeel  de  medlclna  veterl  et  nova.    Baallae  1571, 

•>)  Ctiymhi  medico,  vol.  2,  part  3,  p.  -4-37. 

')  Mac!  a  vulgo  sed  perperam,  Muskatenblume  dicta.     Dlswrttitlu.     ( 

e)  Trnninisdorfl'B  N.  Jonm.  der  PUarm.,  8.  II.  p.  2S1. 
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Composition.  On  account  of  the  great  similarity  between  the  two 
oils,  frequently  no  commercial  distinction  is  made.  As  a  result,  the  true 
origin  of  the  various  oils  that  have  been  examined  is  not  ascertainable. 
For  this  reason  it  will  be  expedient  to  discuss  the  composition  of  both 
at  the  same  time.  This  can  be  done  without  hesitation  because  so  far  no 
qualitative  difference  has  been  observed.1  Quantitatively  they  vary  in  so 
far  as  oil  of  nutmeg  generally  contains  more  terpenes  than  oil  of  mai-e. 

Although  numerous  older  examinations  are  recorded,2  individual 
constituents  were  but  recently  definitely  characterized  and  determined. 
However,  there  are  still  a  number  of  problems  which  demand  further 
investigation. 

The  following  constituents  have  thus  far  been  found : 

1.  Pinene.  This  terpene  was  found  by  Wallach8  in  the  lowest 
boiling  fraction  of  the  oil  (pinene  1 1  it  rol  benzyl  amine,  m.  p.  123°).  It  is 
present  as  an  almost  inactive  mixture  of  dextro-  and  laevogyrate  pinene. 
As  early  as  18fi2  Schacht  had  isolated  pinene.  his  "macene"  and  prepared 
from  it  the  solid  hydrochloride. 

2.  Dipentene.*  This  is  present  in  fraction  175—180°  and  has 
been  identified  as  tetrabroinide.5 

3.  Myristicol.  The  contradictory  statements  concerning  this 
substance  make  a  revision  very  desirable.  According  to  Gladstone, 
myristicol  has  the  composition  C10H14O,  boils  at  224°,  has  the  sp.  gr. 
0.9466  and  a  rotatory  power  of  +31°.  Wright  gives  the  boiling  point 
as  212°  and  considers  the  formula  (uoHirtO  to  be  correct.  This  formula 
at  least  explains  the  formation  of  eymene  by  the  action  of  zinc  chloride 
or  phosphorus  pentachloride  on  myristicol.  Distilled  under  a  pressure 
of  10  mm.,  myristicol  is  found  in  fraction  70—144°  (about  15  p.  c.l  of 
the  oil.  sp.  gr.  0.918  (Semmler"). 

i)  Roller  prononncea  both  oils  Identical  (N.  .Tabrb.  Pharm  ,  -JS.  p.  188;  Jabreab. 
f.  c'tieni.,  1  R(U.  p.  D86). 

))  John  (1S21),  Chemlnehe  Schrtlten,  6,  p.  61.  Abatr.  In  Jonrn.  f.  Chora  n,  Phya. 
von  Schwelwrer  u.  Melneeke,  88,  p.  250.  —  Mulder  (1880).  Jonrn.  t.  prakt.  ('hem.,  IT. 
p.  102,  and  Lleblg'a  Annalen,  81.  p.  71.  —  Schacht  (1B621  Arebiv  d.  Pharm.,  162, 
p.  108.  — rlo*<  (1864),  Compt.  rend..  .18,  p.  188.  —  oiadatone  (1872),  Jonrn.  mem. 
Hoc.,  25,  p.  1.  Abatr.  fn  Jabreab.  I,  Cham.,  1S72.  p,  Hits.  —  WriRbt  (1878),  Jonrn, 
(.'hem.  Hoc,  26,  p.  548.  Abatr.  In  Jahreeb.  t.  Chem.,  1878,  p.  869.  —  Pharm.  Jonrn., 
Ill,  4.  p.  811. 

3)  I.lebljr'a  Annalen,  227,  p.  288;  252,  p.  105. 

*)  The  go-railed  mvrtetlcene  of  Gladstone,  like  the  terpene  <b.  p.  165°)  ol  Clod,  wan 
a   mixture  ol  dipentene  and  pluene.     Wrlgbt'e 
cyinene  Ik  open  to  question  Inaamnrh  aa  be  naad   c 
to   I  den  tlly  It.     Thla  mwcent,  however,  la   not  pen 
Semmler  could  not  And  cyniene  In  the  oil. 

»)  Bertcht*.  28,  p.  1808:  24,  p.  8S1S. 
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4.  Myristiein,1  CnHnOs.1  After  treatment  with  metallic  sodium, 
the  highest  boiling  fraction  (b-  p.  142—149°  under  10  mm.  pressure) 
contains  a  substance  that  melts  at  30°.  has  a  sp.  gr.  of  1.1501  at  25°. 
an  intense  odor  of  mace  and  has  been  termed  myristiein.  According  to 
Semmler  it  is  oxymethyl  oxymethylene  butylene  benzene. 
/C4HT      ['I  /CtHT      01 

UHa_0/CHa[J]    or    (-BHa_ox         [4] 
\0QH„     W  \0/'LUa  fs] 

Whether  the  position  of  the  side  chains  is  an  indicated  in  the  first  or 
second  formula  has  not  yet  been  ascertained. 

According  to  a  private  communication  by  Professor  Semmler,  more 
recent  observations  seem  to  agree  with  those  made  in  the  laboratories 
of  Schimmel  &  Co.,  viz.  that  the  oil  originally  contains  a  phenyl  ether 
which  undergoes  modifications  in  the  processes  to  which  the  oil  is  sub- 
mitted during  its  examination. 

The  fact  that  the  fraction  which  after  the  treatment  with  sodium 
yields  myristiein,  in  its  original  state  does  not  solidify  when  exposed  to 
a  freezing  mixture,8  and  the  coefficient  of  refraction  being  much  less  before 
than  after  the  treatment,  renders  it  highly  probable  that  the  C4Hi-group 
changes  its  position  under  the  influence  of  sodium.  The  same  change 
evidently  takes  place  here  that  eugenol  undergoes  when  converted  into 
isoeugenol,  of  safrol  into  isosafrol,  of  methyl  chavicol  into  anethol. 
Should  this  prove  to  be  the  case,  the  solid  substance  should  properly 
be  termed  isomyristicin,  whereas  the  name  myristiein  should  be  made 
to  apply  to  the  original  liquid  substance. 

a.  Myristinic  acid.  According  to  the  duration  of  the  process  of 
distillation,  more  or  less  of  this  acid  is  found  in  the  oil  and  will  some- 
times crystallize  out. 

6.  Phenol-like  substance.  The  last  portions  obtained  by 
fractional  distillation  produce  an  emerald  green  color  with  ferric 
chloride,  thus  indicating  the  presence  of  a  phenol.* 

122.    Oil  of  Boldo  Leaves. 

The  fragrant,  dried  leaves  of  Peumas  boldas  Mol.  (Moniminceae),  a 
tree  indigenous  to  Chili,  yield  upon  distillation  2  p.  c.  of  an  aromatic 

i>  Not  to  be  ('unfounded  with  the  gtearonten*  myristiein.  bo  called  by  John  and 
Mulder,  which  sometimes  crystallites  from  old  oils  and  which,  as  has  been  shown  by 
FIScklKer  In  1874  (Pharm.  Journ..  III.  5,  p.  18H>.  consists  o(  myriatle  add. 

>)  Wright  assumed  the  formula  r,„H,8Oa  lor  myrlBtlclti. 

*)  Observation  in  the  lalwratorlcs  of  Kt'hlmmel  *  Co. 
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oil,  the  odor  of  which  is  cymene-like  and  reminds  slightly  of  peppermint. 
8p.  gr.  0.915  to  0.945;  Blightly  laevogyrate,  aD=  — 1°40';  it  boils 
between  175  and  250°  and  produces  a  green  color  with  ferric  chloride.1 
The  oil  contains  terpenes  and  oxygenated  substances  that  have  not  yet 
been  closer  examined  (Hanausek2). 

123.  Atherosperma  Oil. 
The  bark  of  Atherosperma  moschata  Labillard.  {Moiihnince&p)  yields 
upon  distillation  1  p.  c.  of  volatile  oil  (Maiden8).  On  account  of  its 
sassafras-like  odor  the  tree  is  also  called  Victorian  sassafras.  According 
to  Gladstone,*  the  oil  has  a  yellowish-brown  color  and  a  sp.  gr.  of 
1.0386  at  20°.  It  is  slightly  dextrogyrate,  +  7°  in  a  10  inch  tube.  It 
begins  to  distill  at  221°  and  passes  over  almost  completely  at  224°. 

124..    Oil  of  Citriosma  OHgandra. 

On  account  of  its  unpleasant  odor,  the  tree  Citriosma  oligandru  Jul., 
(Monimiaceae)  is  known  in  Brazil  as  Xegra  Minn,  Catinga  de  negra,  or 
Catingurira.  The  leaves  upon  distillation  yield  0.54  p.  c.  of  volatile  oil 
which  is  of  a  light  yellow  color  with  greenish  fluorescence  and  an  odor 
that  faintly  reminds  of  bergamot.    Sp.  gr.  0.899  (Peckolt0). 

125.  Oil  of  Citriosma  Cnjabana. 

Citriosma  cujabana  Mart,  is  known  in  Brazil  as  Limoeiro  domato, 
and  L.  bravo  or  wild  lemon  tree.  The  fresh  leaves  yield  0.18  p.  c.  the 
fresh  twigs  0.07  and  the  fresh  bark  0.22  p.  e.  of  volatile  oil.  The  oil  is 
a  mobile  liquid,  sp.  gr.  0.894,  the  odor  of  which  resembles  that  of  a 
mixture  of  bergamot  and  lemon  oils  (Peckolt6). 

126.  Oil  of  Citriosma  Apiosyce. 

Citriosma  apiosyce  Mart,  is  known  in  Brazil  as  Limoeiro  bravo, 
Cidreira  oielisse,  or  Caff  bravo,  wild  coffee  tree.  AH  parts  of  the  shrub, 
especially  the  leaves  and  unripe  fruits,  have  a  strong  odor  of  melissa 
(lemon  balm)  or  lemon.  From  the  fresh  leaves  Peckolt  obtained  0.14 
p.  c,  from  the  twigs  0.06  p.  c.  of  volatile  oil.8 


i)  Berlebt  roi 
Tbcae  prfsentte  <■ 
According  to  Pharm.  Journ.,  Ill,  S,  p.  405. 

*)  Jabrceb.  t.  Pharm..  1877,  p.  79. 

*)  Useful  native  plants  or  Aantra.ua.  p.  354. 

*)  Journ.  Chem.   Soc.    1864.    17.    p.    S.      Rnl.  Jabrenb.   f.  Cncm.,    1868,   p.   545.  - 
Chem.  News,  1871,  24,  p.  288. 

>)  Berichte  A.  denttch.  pharm.  Gea.,  a,  p.  B8. 
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127.    Oil  of  Paracoto  Bark. 

Paracoto  bark  is  brought  into  commerce  from  Bolivia  and  derived 
from  an  unknown  species  of  the  MonimUice&e.1  The  oil  which  is  obtained 
as  a  by-product  in  the  preparation  of  cotoin,  was  first  examined  by. 
Jobst  and  Hesse*  in  1879,  later  (1892)  by  Wallach  and  Rheindorff.* 

Properties.  Paracoto  bark  oil  is  a  mobile,  colorless  liquid  of  a 
very  pleasant  odor.    tip.  gr.  (1.9273;  <iu  =  —  2.12°.a 

Composition.  1.  According  to  Jobst  and  Hesse,  fraction  160° 
(sp.  gr.  (1.8727;  [«]d=  +  0.81°)  is  a  hydrocarbon  CiaHis  named 
a-paracoteiie  by  them. 

2.  Fraction  17(t— 172°  (up.  gr.  (1.8846;  [«]d=— 0.63°)  has  the 
formula  CuHis  assigned  to  it  and  is  designated  (J-paracotene. 

Both  fractions,  which  evidently  consisted  of  slightly  impure  terpenes, 
were  wanting  almost  entirely  hi  the  oil  examined  by  Wallach  and 
Rheindorff. 

3.  The  principal  fraction  of  the  oil  consists  of  laevogyrate  eadinene* 
(m.  p.  of  the  dihydrobromide  121°,  of  the  di hydrochloride  118°). 

4.  After  the  dihydrobromide  has  been  removed  there  remains  an  oil 
which  contains  methyl  eugenol  (m.  p.  of  the  bromide  78°,  of  the  vera  trie 
acid  obtained  by  oxidation  179 — 180°). 

According  to  Wallach,  the  «-,  $-  and  r-paracotol  of  Jobst  and  Hesse, 
to  which  the  formula*  C13H24O  and  CssH^oOa  had  been  assigned,  are 
not  chemical  individuals  but  mixtures  principally  of  laevogyrate 
sesquiterpene  and  inactive  methyl  eugenol.  As  to  «- paracoto),  the 
possibility  is  not  excluded  that  it  may  be  a  natural  hydrate  of  cadinene. 
In  this  case,  however,  the  formula  would  have  to  be  CmHaaO,  not 
CioH«0. 

128.    Oil  of  Camphor. 

History.  In  China,  camphor  has  been  prepared  and  used  in  early 
antiquity.  The  first  documental  reference  to  it  is  found  in  the  writings 
of  the  Arabian  prince  Imru-1-Kais  of  the  sixth  century;  also  in  the 
Koran,  in  which  it  is  mentioned  as  a  refrigerant  in  connection  with  the 
beverages  of  the  blessed  in  paradise.  Aetius  of  Amida,  also  in  the  sixth 
century,  mentions  camphor  as  a  remedy.  When  the  palace  in  Madain 
of  Choroes  II,  king  of  the  Hassanides  was-  pillaged  in  636,  much  camphor 


i)  MWler  (Anatomle  der  Baurnrinden)  la  of  the  opinion  that  the  bnrk  Is  th.it  of  a. 
Moafmf&cttn,  whereas  VorI  (Commeiitar  lur  oaterrelch.  Pharmacopfle)  believe*  Cbat  It 
belongs  to  a  Lanraeea. 

')  Liebljc'H  Annalen,  199.  p.  73. 

3>  I.ltblic'B  Annalen,  271.  p.  .'SOU. 
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wan  taken  in  addition  to  musk,  ambra,  sandalwood  and  other  oriental 
aromaties.1  Later,  when  Arabian  sailors  and  merchants  sailed  to  India 
and  through  the  Indian  Archipelago  to  China,  they  became  acquainted 
not  only  with  the  principal  ports  from  which  the  camphor  was  shipped 
From  southeastern  Asia  to  the  Mediterranean  countries,  but  also  with 
the  sources  of  supply.  Thus  the  Arabian  merchants  and  physicians 
became  acquainted  with  the  different  varieties  which  entered  the  world's 
market  in  part  from  China,  in  part  from  Sumatra.  Marco  Polo,  in  the 
thirteenth  century,  also  became  acquainted  with  the  camphor  in  Sumatra 
and  Borneo.  E.  Kaempfer  was  the  first  to  describe  the  mode  of  pre- 
paration in  Japan.  Medicinally  camphor  was  used  by  the  Arabians, 
also  in  Italy  as  early  as  the  eleventh  century  and  during  the  twelfth 
century  in  Germany. 

Origin  and  Preparation  op  Camphor  Oil.  This  oil  which  is  a 
by-product  in  the  Japanese  camphor  industry,  has  but  recently  been 
introduced  into  the  European  market.  The  camphor  laurel,  Cinnamomnm 
cumphora  Fr.  Nees  et  Ebermaier  (Lauras  ca-mphom  L.)  is  a  stately 
forest  tree  found  in  several  provinces  of  southern  China,  in  the  islands 
Hai-nan,  Formosa  and  several  other  Japanese  islands. 

In  the  older  trees  camphor  is  found  in  a  crystalline  condition  in 
cavities  of  the  trunk.  Principally,  however,  it  is  found  dissolved  in  a 
volatile  oil  that  permeates  the  entire  tree.  This  oil  occurs  most 
abundantly  in  the  roots,  less  abundantly  in  the  trunk  and  still  lees  in 
the  branches  and  leaves.  The  amount  of  oil  also  seems  to  vary  with 
the  height  of  the  trunk,  diminishing  with  increasing  height.  With  the 
age  of  the  tree  and  the  density  of  the  wood,  the  amount  of  oil,  how- 


The  ratio  of  solid  camphor  and  camphor  oil  seems  to  vary  with  the 
age  of  the  tree,  the  seaaon  and  the  temperature.  The  younger  trees 
yield  upon  distillation  more  camphor  oil  and  less  camphor.  The  same 
is  true  with  increasing  temperature,  so  that  the  yield  of  oil  is  greater 
in  summer  than  in  winter. 

In  recent  times,  and  more  particularly  since  the  acquisition  of 
Formosa,  Japan  has  become  the  principal  producer  of  camphor  and 
camphor  oil.    The  method  of  preparation  is  generally  as  follows  :a 

On  the  slope  of  a  hill  "ear  a  supply  of  water  a  sufficient  area  is  leveled. 
On  this  a  stove  is  erected   with  crude  stones  having  a  height  of  abont  I  m. 

>>  Well,  Geschlchte  der  ChaiUm.    Mannheim,  1846,  p.  75. 

')  D.  E.  Gra*amann.  Der  Campherban  in .  MltthellnnRen  dor  Dent  when  Gcecllmrhuft 
«r  Nat  or-  n.  VOlkerknnde  Oatulnii.     Tokio,  1898,  6,  pp.  277— 838. 
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and  ail  inner  diameter  of  0.70  m.  The  opening  for  the  fuel  supply  is  rather 
small,  0.40 1 0.30.  and  covered  with  a  roof.  On  this  the  distilled  chips 
(fig.  67  b)  are  dried  to  be  used  later  aH  fuel.  A  flat  kettle  provided  with  a 
strong,  perforated,  wooden  cover  is  placed  on  top  of  the  stove  (fig.  6H  b)  and 
over  this  a  barrel  or  tub.    This  has  the  mhape  of  a  truncated  coue  (fig.  67  c) 


fik.  67. 

and  is  1.15  in.  high;  the  upper  diameter  being  0.30  m.  the  lower  0.87  m. 
Thecover  to  the  kettle  fits  as  a  bottom  to  the  tub.  To  one  side,  just  over  the 
cover  of  the  kettle  there  in  a  rectangular  opening  in  the  tub  0.30  in.  high  and 
0.25    m.    wide   (fig.  68  e).     The  head-piece  of    the  barrel  or  tub  consists  of  a 


removable,  well  fitting  cover  provided  with  an  opening  that  can  be  closed  by 
a  plug.  The  tub  is  coated  with  a  layer  of  clay  0.15  m.  thick  and  held  together 
by  a  network  of  bamboo.  Near  the  top  a  bamboo  tube  2  m.  long  is  carefully 
inserted,  which  leuds  to  u  condenser  farther  up  on  the  slope.     This  condenser, 
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in  its  simplest  form  (fig.  69),  consists  of  two  boxes  of  which  the  upper  serves 
for  the  condensation  of  the  camphor  and  the  lower  for  the  reception  of  the 
cooling  water.  The  upper  bos  is  1.60  m.  long,  0.90  m.  broad  and  0.42  m, 
high.  The  inverted  bottom  is  covered  with  water,  the  sides  projecting 
10 — 12  cm.  over  the  bottom.  The  camphor  vapors  enter  the  box  over  the 
surface  of  the  water.  To  pane  them  through  the  water  litis  not  proved  suc- 
cessful. By  menus  of  partitions  18.5  cm.  apart  the  condenser  is  divided  into 
sections.  These  partitions  are  each  provided  with  a  rectangular  opening  at 
the  top,  one  in  the  right  corner,  the  other  in  the  left  corner,  etc  ,  so  that  the 
camphor  vapors  must  pursue  a  circuitous  path.  From  the  last  chamber  the 
vapors  can  pass  out  through  a  bamboo  tube  slightly  plugged  with  straw.  A 
lateral  tube  allows  the  water  to  flow  from  the  bottom  (=  cover)  of  the  upper 
box  into  the  lower.  The  upper  box  inverted  with  its  opening  downward  is 
placed  into  the  lower  box  which  is  somewhat  longer  and  wider  but  not  as 
high,  so  that  the  water  in  the  latter  rises  to  about  one-half  of  the  height  of 


s  of  water  to  flow 


the  former  on  all  sides.    A  lateral  exit  tube  allows  thi 
out.     In   order   to   avoid    a   rapid   heating   of  the 
water  in   the  condenser,  this  is  protected  by  a  roof 
made  of  boards. 

Frequently  a  third  smaller  box,  0.80  m.  long, 
0.54  m.  broad  and  0.25  m.  high,  is  placed  over 
the  npjier  one.  This  box  is  likewise  open  on  the 
lower  side,  standing  in  water  10  cm.  deep.  The 
sides  likewise  project  over  the  top  so  that  a  layer 
of  water  5  cm.  high  remains  on  it.  The  vapors 
from  the  last  chamber  of  the  larger  condenser  pass 
through  a  tube  (fig.  68  b)  into  this  smaller  box 
where  more  camphor  is  condensed.  This  small 
upper  condenser  is  provided  with  a  small  exit  tube 
for  the  vapors. 

The  following  utensils  are  used  in  connection 
with  this  apparatus:  a  wooden  shovel  of  the  shape  of  Fig.  6fl. 

a  spoon-oar  For  shoveling  the  distilled  chips  into  the 

fire  place;  also  an  iron  poker.  In  order  to  protect  the  stove  and  tub  a  roof 
of  straw  and  reed  is  constructed,  also  a  wall  of  straw  matting  to  the  wind- 
ward (valley)  to  protect  against  draft  and  rain. 

The  production  of  camphor  is  conducted  as  follows.  After  the  kettle  has 
been  filled  with  water,  the  chips  are  introduced  through  the  upper  opening 
into  the  tub,  and  all  cracks  and  crevices  carefully  luted  so  that  the  vapors 
cannot  escape.    Only  a  moderate  Are  is  maintained. 

In  the  course  of  the  distillation  the  kettle  is  frequently  refilled  through  the 
opening  c.  (fig.  68).  The  vapors  pass  through  the  perforation  into  the  tab 
(fig.  68  li)  and  convey  the  camphor  vapors  from  the  heated  chips  through  the 
bamboo  tube  (fig.  68  f)  into  the  condenser  where  they  are  deposited.  In  the 
early  part  of  the  distillation,  camphor  oil  only  is  found  in  the  condenser,  later 
also  solid  camphor.  Most  of  the  camphor  condenses  behind  the  3rd,  4th  and 
5th  chamber  of  the  seven-part  condenser.    The  tab  will  hold  112.5  k.  of  chips,  a 
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quantity  that  can  be  distilled  in  34  hours.  The  exhausted  chips  are  removed 
from  the  lateral  opening  (fig.  68  e).  Every  week  the  condenser  is  opened  and 
the  camphor  and  camphor  oil  contained  therein  removed. 

On  the  surface  of  the  water  in  the  wn denser  there  collects  a  granular 
crystalline  mass  resembling  a  mixture  of  snow  and  ice.  which  in  the  first  few 
chambers  is  mixed  with  camphor  oil  and  is  colored  ,vellow.  On  the  walls  of  the 
condensing  chambers  the  pure,  white  crystalline  camphor  is  deposited.  The 
yellowish  or  brownish-black  camphor  oil  floats  on  the  surface  where  it  mixes 
with  the  granular  camphor. 

Properties.  Normal  camphor  oil,  i.  e.  the  oil  with  all  constituents 
as  it  is  obtained  by  the  distillation  of  the  camphor  wood,  is  a  semi-solid 
mass,  or  a  liquid  mixed  with  camphor.  Usually,  however,  the  product 
which  remains  after  the  camphor  has  been  removed  by  filtration  and 
expression  is  known  as  camphor  oil.  This  was  the  oil  that  came  into 
the  market  about  the  middle  of  the  eighties.  It  still  contained  large 
quantities  «f  camphor  which  could  be  obtained  by  fractionation  and 
cooling.  At  present  this  operation  appears  to  be  carried  out  in  Japan 
as  well,  for  the  oil  now  found  in  the  market  is  almost  free  from  camphor. 

Distinction  is  made  between  two  kinds  of  oil  which  often  vary 
largely  in  their  composition.  The  measure  of  their  value  is  tlieir 
specific  gravity. 

1.  White  Camphor  Oil.  This  consists  of  the  lowest  boiling 
fractions  and  contains  terpenes  almost  exclusively,  also  some  cineol. 
Sp.  gr.  up  to  about  0.890. 

2.  Black  Camphor  Oil.  It  is  that  portion- of  the  oil  that  boils 
higher  than  camphor  and  contains  safrol,  eugenol  and  sesquiterpenes. 
Sp.  gr.  mostly  from  0.900  up  to  over  1.000. 

The  normal  oil,  as  well  as  the  individual  fractions,  is  dextro- 
gyrate. All  fractions  have  the  odor  of  camphor.  In  the  so-called  black 
oils,  however,  this  odor  becomes  subordinate  to  that  of  safrol. 

The  oil  from  the  roots  and  leaves  is  like  that  obtained  from  the 
wood.  Camphor  roots '  yielded  upon  distillation  4  p.  c.  of  an  oil  that 
was  partly  solid  at  ordinary  temperature.  When  completely  liquified 
its  sp.  gr.  at  45"  was  0.957.  The  liquid  portion  of  the  oil  boiled  between 
165— 270°  and  possessed  the  properties  of  ordinary  camphor  oil. 

An  oil  obtained  from  dry  leaves1  (yield  1.8  p.  c.)  also  contained 
solid  camphor.  The  liquid  portion  boiled  between  170—270"  and  could 
not  be  distinguished  from  ordinary  camphor  oil. 

Two  oils  distilled  from  fresh  leaves  were  reported  on  by  Hooper8  in 
1896.    The  leaves  from  which  the  first  oil  was  distilled  were  obtained 

i)  flericht  von  8.  &  Co.,  Oct.  18B2,  u.  7.  >i  Pharm.  Joura..  56,  i>.  SI. 
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from  a  tree  in  the  government  garden  at  Utakamand  ( India)  and  yielded 
lp.  c.  ofoi):  sp.  gr.  0.9322  at  15° ;  «d=  +  4°82/.  It  contained  about 
to — 15  p.  c.  of  camphor.  The  second  batch  of  leaves  was  from  Nadu- 
vatam,  in  the  Nilgiri  mountains.  The  oil  contained  7r>  p.  c.  of  camphor, 
by  far  more  than  did  the  first  oil.  After  the  camphor  had  been  removed, 
the  oil  had  a  up.  gr.  of  0.9814;  «d  =  +  27°. 

Composition.  Camphor  oil  is  an  exceedingly  complex  mixture  of 
hydrocarbons  and  oxygenated  substances,  which  belong  to  a  large 
number  of  classes  of  chemical  compounds.  Aldehydes  are  represented 
by  acet-aldehyde ;  the  ketones  by  camphor;  the  nlcohols  hv  terpineol; 
the  phenols  and  the  phenol  ethers  by  eugenol  and  sufrol;  .the  oxides 
by  cineol;  the  terpenes  by  pinene.  phellandrene  and  dipentene:  and 
finally  the  sesquiterpenes  by  cadinene. 

Arranged  according  to  their  boiling  points,  they  may  tie  enumemted 
in  the  following  order: 

1.  Acet-aldehyde,  CHaCHO.  This  substance,  which  is  possibly 
found  in  all  oils  to  the  extent  of  mere  traces,  makes  its  presence  known 
when  large  quantities  of  oils  are  rectified.  In  part  it  is  removed  with 
the  aqueous  distillate,  in  part  it  is  also  found  in  the  lowest  terpeue 
fractions. 

2.  Dextro-pinene,1  CioHia,  has  been  found  in  the  fraction  boil- 
ing below  160°  and  was  identified  by  means  of  its  nitrosochloride  and 
conversion  into  nitrosopinene  melting  at  1-10°. 

Toshida8  (18K5)  obtained  a  strongly  laevogyrate  fraction, 
[«](  =— 71.1°,  which  was  identified  as  t-pinene  (chlorhydrate,  nitroso- 
chloride, nitrosopinene).  Inasmuch  as  the  lowest  boiling  fractions  have 
always  been  found  to  be  dextrogyrate,  Yoshida's  observation  is  rather 
remarkable  and  arouses  the  suspicion  that  the  oil  examined  was  not 
a  normal  oil  (Bertram  &  Walbaura,8  1894). 

Whether  camphene.  the  presence  of  which  seems  to  be  indicated,  is 
really  present  or  not  has  not  yet  been  decided.* 

3.  Phellandrene,1  CioHie.  This  is  present  in  such  small  quantity 
that  itB  identification  by  means  of  the  nitrite  (m.  p.  102°)  caused 
difficulties. 

i)  Bericht  tod  S.  *  Co.,  April  18S9,  p.  S. 
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4.  Cineol,  CioHisO,  constitutes  5—6  p.  c.  of  the  camphor  oil.  It 
has  been  isolated  by  means  of  the  hydrobromide.1 

5.  Dipentene,  CioHiu,  has  been  found  by  Wallach*  and  was, 
identified  by  means  of  the  tetrabromide  melting  at  123°.  An  impure 
dipentene  di hydrochloride  (m.  p.  42°  instead  of  49°)  had  been  isolated 
by  Lallemand8  by  panning  hydrochloric  acid  into  the  fraction  boiling 
at  180°. 

6.  Camphor,  CinHieO,  which  is  economically  the  most  important 
constituent,  crystallizes  in  the  receiver  when  the  thermometer  rises 
to  200°. 

7.  Terpineol,  CioHisO.  Inasmuch  as  it  was  impossible  to  obtain 
this  alcohol  in  such  a  degree  of  purity  by  fractional  distillation  to 
enable  its  identification  as  such,  its  presence  in  fraction  215—220°  was 
determined  in  several  ways.  Upon  boiling  with  dilute  sulphuric  acid, 
terpinene  and  dipentene  resulted.  Upon  standing  with  dilute  acids 
terpin  hydrate  was  formed.*  When  shaken  with  concentrated  hydriodic 
acid,  dipentene  dihydriodide"  melting  at  77°  was  formed. 

8.  Safrol,  CioHioOa,  b.  p.  232°,  was  found  by  J.  Bertram  in 
1885  in  Schiramel  &Co.'s  laboratory.  This  firm  has  since  then  prepared 
it  in  large  quantities  from  camphor  oil." 

9.  Eugenol,7  CioHuOa,  is  present  only  in  relatively  small  amounts. 
It  is  obtained  by  shaking  the  higher  fractioni  with  dilute  soda  solution. 

10.  Cadinene,  CmHa*,  is  the  principal  constituent  of  the  high 
boiling  portions.  By  passing  hydrogen  chloride  into  fraction  260 — 270° 
a  good  yield  of  cadinene  dihydroehloride  melting  at  117°  is  obtained.8 

11.  Blue  oil.  The  portions  distilling  over  last,  consist  of  a  blue 
oil  which  has  been  frequently  observed  in  volatile  oils  and  of  which  no 
characteristic  derivative  has  yet  been  prepared. 

A  few  words  about  the  so-called  "camphorogenol,"  which  is  reported 
to  boil  at  212—213°  and  is  said  to  have  the  formula  CioHisOa,  remain 
to  be  said.  According  to  Yoshida0  it  polymerizes  when  boiled,  but  at 
the  same  time  separates  camphor. '  When  acted  upon  by  dilute  nitric 
acid,  acetic  acid  anhydride  or  benzoic  acid,  camphor  is  said  to  be 
formed;  and  when  heated  with  sodium  and  alcohol,  it  is  converted  into 
bomeol. 


]  Ilerlcht  von  ft.  &  Co.,  Oct.  18*18,  p.  S.  ')  Berlcbt  von  3.  *  Co.,  Apr.  18811.  p 

}  Liehig'e  Annalen,  227,  p.  29«.  «)  Ibidem,  Sept.  1SSS,  p.  7. 

)  Lieblg's  Aniinlen,  114,  p.  IDS.  ')  Ibidem.  Apr.  1886,  p.  0. 

)  BeHcht    von    Schlmmel   *  Co.,  Apr.  »)  Ibidem,  Apr.  1889,  p.  9. 

I,  p.  8.  »>  YosbKlH,  loc.  tit. 
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Ab  a  matter  of  fact,  such  a  substance  evidently  does  not  exist  in 
camphor  oil.  "Camphorogenol"  apparently  is  a  mixture  consisting 
principally  of  camphor  and  terpineol.  Such  a  mixture  behaves  toward 
the  above  mentioned  reagents  like  "camphorogenol."1  When  boiled,  the 
terpineol  decomposes  into  terpenes  and  water  and  the  camphor,  which 
is  less  soluble  in  the  terpenes,  partly  separates  out.  If  the  terpineol  is 
oxidised  with  nitric  acid,  the  more  resistant  camphor  remains  behind. 
Treatment  with  sodium  reduces  the  camphor  to  borneol. 

Use.  The  oil  from  which  the  camphor  has  been  removed  is  used  by 
the  poorer  classes  in  Japan  for  illuminating  purposes.  It  is  also  used  as 
a  solvent  for  resins  10  the  manufacture  of  lacquer.  From  the  soot, 
obtained  by  burning  the  oil,  India  ink  is  made. 

In  Europe  camphor  oil  is  used  for  the  safrol  it  contains.  The  waste 
oil  that  results  in  the  isolation  of  safrol  is  utilized  as  light  and  heavy 
camphor  oil. 

Light  camphor  oil,  sp.  gr.  0.89  to  0.92  consists  of  the  low 
boiling  fractions.  Inasmuch  as  it  has  the  property  of  hiding  the  pene- 
trating odor  of  the  cheap  fats  and  tallow,  it  is  used  for  perfuming 
ordinary  soaps.  It  is  also  used  as  a  substitute  for  turpentine  oil  over 
which  it  has  some  advantages.  Thus  e.  g.  it  surpasses  other  cleansing 
media  in  the  cleaning  of  types,  plates  and  parts  of  machinery.  It  is 
further  a  good  solvent  for  resins2  and  caoutchouc  and  is  used  in  the 
manufacture  of  lacquers  and  varnishes. 

Heavy  camphor  oil,  sp.gr.  0.96  to  0.97,  boils  between  240  and 
270°  and  is  likewise  added  to  cheap  soaps  and  lubricants. 

129.    Oil  of  (Ceylon)  Cinnamon. 
Oleum  Cianauioml  Zeylanlcl.  —  Ceylon  ZlmwtBI.—  Essence  de  Cinelle  de  Cerlan. 
Origin  and  Preparation.    The  genus  Cinnamomam,  Fam.  Lauraceae, 

consists  of  evergreen,  aromatic  trees  and  shrubs.  Its  several  species 
yield  volatile  oils  that  are  much  used.  The  Ceylon  cinnamon,  C.  teyl&ni- 
cum  Breyne  contains  volatile  oil  in  the  underground  portions  of  the 
shrub  as  well  as  in  those  overground.  Whereas  the  oils  obtained  from 
the  various  parts  of  the  cassia,  C.  cassia  Bl.,  seem  to  be  almost 
identical,  the  oils  obtained  from  the  bark,  leaves  and  root  respectively 
of  the  Ceylon  cinnamon  vary  considerably. 
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C.  ze.vlanieum  is  indigenous  to  the  forests  of  Ceylon.  The  bark, 
which  was  originally  collected  from  the  wild  shrub,  is  at  present  collected 
from  the  cultivated  plant  only.1 

For  the  distillation  of  the  oil,  the  wast*1  that  results  in  the  peeling 
of  the  bark,  is  used.  These  shavings  and  fragments  have  been  exported 
as  "chips"  since  1867.  The  preparation  of  the  oil  from  chips  was  intro- 
duced into  Germany  in  1872  by  the  firm  of  Schimmel  &  Co.  of  Leipzig. 
The  yield  from  the  chips  is  about  0.5  to  1  p.  c. 

The  oil  produced  in  Ceylon  is  but  rarely  the  pure  distillate  from  the 
bark.  Commonly  it  contains  much  oil  from  the  leaves,  which  are 
possibly  distilled  with  the  hark.  It  is  also  possible  that  the  oil  from 
the  bark  is  subsequently  adulterated  with  leaf  oil. 

History.  Cinnamon  and  cassia  are  among  the  oldest  spices,  and 
the  history  of  the  drug  as  such  is  a  very  interesting  one.  The  history 
of  the  oil,  however,  is  of  more  recent  date. 

When  in  the  course  of  the  fifteenth  century  the  distillation  of  aromatic 
waters  for  medicinal  purposes  became  a  common  practice,  cinnamon 
bark  was  undoubtedly  distilled  for  the  preparation  of  its  water.  The 
heavy  oil  which  sinks  to  the  bottom  of  the  distillate  was  in  all  proba- 
bility observed  by  the  apothecary  or  chemist.  The  Canon  St.  Amando 
of  Doormyk  seems  to  have  been  the  flret  to  isolate  besides  bitter 
almond  oil  and  oil  of  rue,  a  number  of  other  volatile  oils,  among  them 
the  oil  of  cinnamon.  Valerius  Cnrdus  had  prepared  the  oil  about 
1540.  At  that  time  it  may  already  have  found  application  in  medicine, 
so  that  it  was  included  in  the  first  edition  of  the  Dispensatorium 
Norieum.  Lonieer  soon  afterward  distilled  the  oils  from  the  spices, 
among  them  cinnamon  oil,  in  a  new  peculiar  apparatus.  In  the  price 
ordinances  cinnamon  oil  is  first  mentioned  in  that  of  Berlin  of  1574, 
also  in  that  of  Frankfurt-o.-M.  of  1582.  Winter  of  Andernach  distilled 
and  described  the  oil  in  1570,  and  J.  B.  Porta  in  1589. 

The  early  observations  made  on  cinnamon  oil,  like  those  made  on 
other  oils,  restricted  themselves  to  the  crystalline  deposit  formed  upon 
prolonged  standing.  Such  crystal  formations  were  observed  (among 
others)  by  Ludovici  about  1070,  later  by  Slare  in  England,  by  Boer- 
haave  and  Gaubius  in  Holland.  The  latter  regarded  them  as  camphor; 
Du  Menil  and  Stoekmann  supposed  them  to  be  benzoic  acid,  Dumas  and 
Peligot  in  1831  recognized  them  to  be  cinnamic  acid.  C.  Bertagnini 
prepared  pure  cinnamic  aldehyde  in  1852. 

ration    and    pnriclnn  or  re.vlon   cinnamon  In  described   In 
r  Hell-  und  Nntipflanirn.  p.  MS. 
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The  yield  of  volatile  oil  from  cassia  and  rinnamon  barks  was  deter- 
mined by  the  following  observers:  G.  W.  Wedel  in  1707;  Fr.  Cartheuser, 
C.  Neumann  and  Ph.  F.  Gmelin  in  1763;  J.  F.  A.  Goettling  about  1803; 
by  Dehne  about  the  same  time ;  also  by  Buehholz  in  1813. 

Properties.  The  oil  is  a  light  yellow  liquid  which  has  the  agreeable^ 
fine  delicate  odor  of  the  Ceylon  cinnamon,  and  a  spicy,  sweet,  burning 
taste. 

The  sp.  gr.  lies  between  1.024  and  1.040;  optically  it  is  slightly 
laevogyrate,  «D  =  up  to  —1°.  The  oil  is  clearly  soluble  in  2  parts  of 
70  p.  c.  alcohol.    It  contains  between  65—75  p.  c.  of  cinnamic  aldehyde. 

Composition.  Blanchet l  in  1833  observed  that  in  the  distillation 
•  of  Ceylon  cinnamon  two  oils  separate  in  the  receiver,  one  being  lighter 
than  water,  the  other  heavier,  whereas  Chinese  cinnamon  yielded  only 
the  heavy  oil.  The  older  chemists,  however,  concerned  themselves  only 
with  the  heavy  oil.  Dumas  and  P£ligotain  1834  ascertained,  that  like 
the  oil  of  cassia,  the  heavy  oil  of  the  Ceylon  cinnamon  consisted 
principally  of  cinnamic  aldehyde.  That  the  heavy  oil  of  the  Ceylon 
cinnamon  contains  eugenol  as  well  was  observed  later.  The  amount  of 
eugeuol  in  the  oil  from  the  bark  is  but  4 — 8  p.  c,  much  less  than  in 
the  leaf  oil. 

Of  the  constituents  of  the  light  oil  but  one  is  known,  viz.  phellan- 
drene,  which  has  been  isolated  from  the  fraction  boiling  about  175°  and 
has  been  identified  by  the  nitrite11  melting  at  102°.  The  substance  to 
which  the  characteristic  odor  of  the  Ceylon  cinnamon  oil  is  due  is  not 
yet  known. 

Adulteration  and  Examination.  Ceylon  cinnamon  oil  is  frequently 
adulterated  with  the  much  cheaper  oil  from  the  leaves.  None  of  the 
oils  from  Ceylon  appear  to  be  pure  bark  oils,  for  all  of  the  oils  from 
this  source  examined  thus  far  contained  considerable  quantities  of  leaf 
oil.  Whether  the  two  oils  are  mixed,  or  whether  the  leaves  have  been 
distilled  with  the  bark,  naturally  cannot  be  decided. 

Inasmuch  as  the  addition  of  leaf  oil  increases  the  eugenol  content 
and  diminishes  that  of  the  cinnamic  aldehyde,  its  recognition  is  not 
difficult.  All  that  is  necessary  is  to  determine  with  approximate  quanti- 
tativeness  the  amount  of  both  substances  present.  After  the  deter- 
mination of  the  specific  gravity,  which  is  increased  by  the  addition  of 
larger  amounts  of  leaf  oil,  the  aldehyde  content  is  determined  according 

1)    lAeblK'*  AlnlHlcn.   7,   p.    1*1.1. 

1)  Ana.  <1e  C'hlm.  et  I'h.vs..  37,  p.  80(1 1    Llebl*a  Annalen,  14.  p.  50. 

»)  Bericht  roll  8.  &  Co.,  Oft.  1K02.  p.  47. 
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to  the  method  described  under  cassia  oil  on  p.  390.    If  the  aldehyde 
content  is  less  than  65  p.  e.  or  more  than  75  p.  c,  the  oil  is  suspicious. 

If  the  oil  contains  lens  than  63  p.  e.  of  aldehyde,  the  amount  of  eugenol 
in  the  n on- aldehyde  portion  is  determined  according  to  one  of  several 
ways.  The  most  accurate  results  are  obtained  according  to  the  somewhat 
complex  method  of  Thorns,1  the  eugenol  being  converted  into  benzoyl 
eugenol  and  weighed.  (Oomp.  under  oil  of  cloves.)  Umney2  has  suggested 
to  shake  the  oil  with  10  p.  c.  potassa.  solution  and  to  determine  the 
eugenol  content  from  the  diminution  in  the  volume  of  the  oil.  Inasmuch, 
however,  as  the  strong  potassa  solution  dissolves  appreciable  amounts 
of  non-phenol  constituents,  the  result**  are  inaccurate  and  about  10  p.  c. 
higher  than  those  obtained  according  to  Thorns'  method.  The  error  can 
be  reduced  by  using  a  5  p.  c.  potaasa  solution.  For  ordinary  purposes 
at  least,  this  method  can  be  considered  of  sufficient  accuracy  to  ascertain 
whether  an  oil  is  pure  or  adulterated.  Adulteration  may  be  assumed  if 
the  eugenol  content  of  the  original  oil  exceeds  10  p.  c. 

The  extent  to  which  the  adulteration  with  leaf  oil  is  carried  on 
becomes  apparent  from  the  result  of  examinations  published  by  Umney* 
and  Schimmel  &  Co.8  Every  one  of  the  seven  oils  was  strongly  adulter- 
ated with  leaf  oil,  three  containing  at  least  30  p.  c.,  the  other  four 
not  less  than  50  p.  c.  The  four  last  mentioned  oils  had  the  following 
properties : 

Percentage  of  Percentage  of 

8p.  gr.  '-id  clnnainlc  aldehyde        Kugenol  (according  to  Thorns) 

1)  1.089  -0°55'  29  p.  c.  41.9  p.  c. 

2)  1.040  — 0°28'  28      "  89.1    ." 

3)  1.041  — 0°57'  29     "  47.7     " 

4)  1.049  — 0°22'  24     "  45.7     " 

The  following  reaction  enables  the  qualitative  distinction  between 
the  bark  and  leaf  oils:* 

A  drop  of  genuine  cinnamon  oil  dissolved  in  5  drops  of  alcohol  produces  a 
pale  gmfii  color  with  ferric  chloride,  whereas  leaf  oil  and  oil  adulterated  there- 
with produce  a  deep  blue  color. 

The  cinnamon  oils  adulterated  with  cassia  oil  have  a  higher  specific 
gravity  and,  as  a  rule,  also  a  higher  cinnmnic  aldehyde  content.  Oils 
with  more  than  75  p.  c.  aldehyde,  if  not  suspicious,  are  of  inferior  value. 
Whereas  the  cimiamic  aldehyde  content  is  the  criterion  of  value  of  the 
cassia  oil.  this  is  not  the  case  with  the  cinnamon  oil,  for  in  the  latter 

I)  IWrk-htt'  der  pharm.  Get.,  1,  p.  U7».        >)  Berlcht  von  8.  *  Co.,  Oct,  1NU0,  p.  *». 
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the  non-aldehyde  constituents  are  the  more  valuable  as  is  shown  by  the 
tact  that  the  cinnamon  oil  with  the  smaller  aldehyde  content  commands 
several  times  the  price  of  the  cassia  oil. 

130.    Oil  of  Cinnamon  Leaves. 

Oleum  FolloniM  Clhmauiomi,     ZloimtbiatlorOI.-  Essence  de  Feuilles  de  Cannelle 

de  Cerlan. 

For  a  time  the  oil  from  the  leaves  of  the  genuine  cinnamon,  Cinna- 
tnoinum  zeylanicum  Breyne,  was  designated  commercially  as  cinnamon 
root  oil.  After  Schimmel  &  Co.  had  shown  in  1892  that  an  oil.  distilled 
by  themselves  from  Ceylon  cinnamon  leaves  (yield  1.8  p.  e.)  corresponded 
in  all  its  properties  with  the  so-called  root  oil,  the  erroneous  designation 
could  no  longer  be  retained.  Two  oils,  which  corresponded  in  every 
respect  with  the  home  distillate  and  which  were  correctly  designated  as 
cinnamon  leaf  oil,  had  previously  been  obtained  from  the  Seychelles  and 
from  the  botanical  garden  in  Buitenzorg,  Java.1 

The  oil  formerly  exported  as  cinnamon  leaf  oil  was  a  thick,  viscous 
oil  of  the  consistency  of  West  Indian  sandalwood  oil.  It  has  since  dis- 
appeared from  commerce  and  nothing  definite  is  known  as  to  its  origin. 

Properties.  Cinnamon  leaf  oil  is  of  a  light  color,  rather  mobile, 
and  has  the  odor  of  cloves  and  cinnamon.  Sp.  gr.  1.044 — 1.(165; 
aD  =  —  0°"/  to  +1°18'.  With  3  parts  of  70  p.  c.  alcohol  it  forms  a 
clear  solution,  which,  however,  sometimes  becomes  turbid  upon  the 
further  addition  of  alcohol. 

Composition.  Stenhouse3  (1855)  found  large  amounts  (70—90  p.  c.) 
of  eugenol  in  cinnamon  leaf  oil.  Schaer8  (1882)  later  confirmed  this 
report.  In  the  oil  distilled  by  themselves,  Schimmel  &  Co.  found  cinnamic 
aldehyde  (0.1  p.  c).  Weber*  made  a  detailed  examination  of  two 
different  oils.  The  first,  obtained  from  the  Seychelles,  had  a  sp.  gr.  of 
1.0552  at  18.5°  and  contained  eugenol  (benzoyl  eugenol,  m.  p.  69—70°), 
cinnamic  aldehyde  (phenyl  hydrazone,  m.  p.  167°),  and  terpenes  that 
were  not  identified.  The  other,  still  purchased  by  Schimmel  &  Co.  under 
the  erroneous  name  of  cinnamon  root,  oil,  was  also  leaf  oil.  Its  sp.  gr. 
was  1.041  at  19°.  It  varied  somewhat  in  its  composition  from  the 
preceding.  Weber  found  eugenol,  safrol  (piperonylic  acid,  m.  p.  226  to 
227°),  terpenes  and  benzaldehyde  (phenyl  hydrazone,  m.  p.  150—151°), 
but  no  cinnamic  aldehyde. 

i)  Bericbt  von  6.  *  Co..  Apr.  1892,  p. 
411;  Oct.  1882,  p.  47. 

i)  Lleblg'*  A  nun  Ion,  95,  p.  108. 
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Stenhouse  had  found  benzoic  acid  which  is  probably  combined  with 
an  alcohol.  Later  investigators  do  not  mention  this  constituent. 
Whether  the  benzaldehyde  found  by  Weber  is  an  original  constituent  of 
the  oil  or  an  oxidation  product  of  the  cinnamic  aldehyde,  remains 
undecided. 

131.    Oil  of  Cinnamon  Root. 

The  oil  of  cinnamon  root  is  an  almost  colorless  liquid  with  a  strong 
odor  of  camphor.  Even  at  ordinary  temperature  a  part  of  the  camphor,1 
which  is  identical  with  the  ordinary  laurus  camphor,  separates  out. 
Other  constituents  are  cinnamic  aldehyde  and  a  hydrocarbon  (Holmes,* 
1890).  That  the  roots  contain  camphor  has  long  been  known.  It  was 
mentioned  by  Trommsdorff,8  also  by  Dumas  and  Peligot*  (1885). 

Cinnamomum  zeyl&nicum  affords  an  interesting  illustration  of  a 
plant,  the  root,  leaves  and  bark  of  which  afford  oils  of  totally  different 
composition.  In  the  root  oil  we  find  camphor  as  characteristic  consti- 
tuent, in  the  leaf  oil  eugenol  predominates  and  in  the  bark  qjl  cinnamic 
aldehyde. 

132.    Oil  of  Cassia. 

Oleum  Clnnunoml  Caaglae.  —  CassiaUI,  Chinwfsclies  Zlmtffl,  ZimtblUthenSl.  - 

Essence  lie  Cannelle  ile  Chine. 

Origin  and  Preparation.  Although  the  plant  which  yields  the  oil 
of  cassia,  the  Cinnamomum  cassia  Bl.,  has  been  known  for  a  long  time, 
considerable  uncertainty  existed  as  to  the  part  of  the  plant  from  which 
the  oil  was  obtained.  It  was  supposed,  by  way  of  illustration,  that  the 
unripe  fruits,  the  Flores  cassiae  of  commerce,  were  the  source  of  the  oil 
which  for  this  reason  was  called  "Zimtbluthenol."  As  early  as  1881, B 
however,  it  became  known  that  near  in-lin,  north  of  Pak-hoi,  the  leaves 
of  the  cassia  bush  were  distilled  for  oil.  The  oil  was,  however,  reported 
as  being  thicker,  darker  and  less  fragrant  than  the  cassia  oil.  H. 
Schroeter,"  in  the  description  of  his  travels  through  the  cassia  district 
in  1886,  also  mentions  the  production  of  oil  from  leaves.  It  was  sup- 
posed, however,  that  the  leaves  yielded  but  a  small  amount  of  an 
inferior  oil.  In  order  to  ascertain  the  properties  of  the  leaf  oil,  Schtmmel 
&  Co.  secured,  with  the  aid  of  Melchers  &  Co.  of  Canton,  not  only  the 
leaves,  but  all  parts  of  the  cassia  shrub  that  might  come  into  consider- 

<)  Berlcbt  von  S.  *  Co.,  Oct.  1892.  p.  40.  «)  Deutsche*  Haadels-Archlv,  Sept.  2, 

»>  Phami.  Jouro.,  Ill,  20.  p.  74B.  1881.  p.  262. 

")  Hanilbuch  der  Pharmacle,  p.  866.  •)  Hertcht  nt»r  tint  Raise  nHn  Kwsug- 

*>   Uebls'H  Anoulpn,  14,  p.  HO.  al.    Ira  Herbst  1886  uuternommen. 
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ation  in  the  distillation  of  the  ojl.1  Upon  (list illation,  the  bark,  flowers, 
flower  stalks,  twigs  and  leaves  yielded  oils  that  were  similar  in  proper- 
ties and  aldehyde  content.  Inasmuch  as  the  bark,  the  flowers  and 
flower-parts  are  excluded  on  account  of  their  high  price,  the  leaves  and 
branches  alone  can  come  into  consideration  as  far  as  the  production 
of  the  commercial  oil  is  concerned.  As  a  matter  of  fact,  the  leaves 
only,  with  possibly  some  waste  from  the  bark,  are  used  for  distillation. 


Cassia  Oil  Distillation  in  China. 
This  was  definitely  ascertained  by  0.  Struckmeyer,  who  made  a  trip 
through   the  Cassia   district  in  1895   at   the   request   of  Siemssen   of 
Hongkong. d 

The  distillation  is  conducted  in  the  valleys  of  the  provinces  Kwang-si 
and  Kwang-tung  at  points  where  a  sufficient  water  supply  can  be  had. 

i)  Bench t  von  8.  A  Co..  Oct.  1892,  p.  12.  >)  Ibltlem,  Oft.  18U6,  p.  11, 
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The  apparatus  in  use1  (flg.  70)  consists  of  &  brick  oven  with  an  irou  pan 
let.  into  the  masonry.  On  this  rests  a  wooden  cylinder  lined  on  the  inside  with 
sheet-iron  and  o|ien  above.  After  the  cylinder  has  been  charged  with  leave* 
and  half  filled  with  water,  the  opening  is  closed  with  a  peculiar  shaped  helmet 
ol  sheet-iron.  The  joint  is  Healed  with  wet  cloths  pressed  between.  The  helmet 
has  a  groove  on  the  inner  side  into  which  the  condensed  vapors  flow  and 
thence  through  a  tube  into  the  receivers.  The  receivers  are  arranged  cascade- 
like and  in  them  is  deposited  the  heavy  oil.  The  water  is  used  for  the  next 
distillation. 

Cassia  oil  is  shipped  in  lead  canisters  with  a  capacity  of  7.5  k.,  of 
which  4  are  packed  in  a  case.  The  interstices  are  filled  with  the  glumes 
of  rice.  The  form  and  color  of  the  labels  on  the  canisters  have  long 
remained  unchanged. 

History.  The  history  of  cassia  oil  will  be  found  with  that  of  Ceylon 
cinnamon  on  p.  378. 

Properties.  Chinese  cinnamon  oil  or  cassia  oil,  when  pure,  is  a 
mobile  liquid,  yellowish  to  brownish  in  color,  and  strongly  refractive. 
Its  odor  is  cinnamon-like,  the  taste  burning  and  intensely  sweet,  with- 
out the  unpleasant,  grating  after-taste  that  is  perceptible  in  oils  adulter- 
ated with  rosin.  Hp.  gr.  1.055—1.065.  Inasmuch  as  the  specific  gravity 
of  the  cinnamic  aldehyde  and  the  other  constituents  of  the  oil  is  almost 
the  same,  differences  in  the  aldehyde  content  are  not  revealed  by 
changes  in  the  specific  gravity. 

Cassia  oil  is  optically  inactive  or  has  but  a  slight  rotatory  power 
either  to  the  right  or  to  the  left.  It  is  readily  soluble  in  1—2  p.  of  80 
p.  c.  alcohol.  Its  behavior  toward  70  p.  c.  alcohol  varies  in  so  far  as 
most  oils  yield  clear  solutions  with  3  parts  of  the  solvent,  whereas 
some  otherwise  good  oils  produce  turbid,  opalescent  solutions.  This 
peculiar  behavior  is  possibly  traceable  to  zinc  cinnamate  which  is 
frequently  present  in  the  oil.  The  oil  boils  with  partial  decomposition 
between  240—260°;  acetic  acid  is  split  off,  and  a  viscid  residue  of  6 — 8 
p.  c.  remains.    For  further  details  see  under  Examination. 

If  four  drops  of  cassia  oil,  well  cooled  with  ice  water,  are  mixed  with 
a  like  amount  of  nitric  acid,  they  unite  forming  a  crystalline  mass. 
This  reaction,  which  is  mentioned  in  the  German  Pharmacopoeia  as  a 
reaction  of  identity,  depends  on  the  union  of  the  nitric  acid  with  the 
cinnamic  aldehyde  to  an  unstable  addition  product,  which  is  readily 
split  up  into  its  component  parts  by  water.  The  reaction  cannot  be 
used  as  a  test  of  purity  for  even  strongly  adulterated  oils  will  produce 
crystals.    In  order  to  carry  out  the  reaction,  the  oil  must  be  well  cooled, 

i)  Bericht  von  8.  *  Co.,  Apr.  1N98,  p.  11  j  Oct.  1896,  p.  18. 
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lor  if  the  heat  of  the  reaction  becomes  too  great,  only  oily  products 
result.  The  principal  constituent  of  the  oil,  which  supplies  a  criterion 
for  its  valuation,  is  the  cinnamie  aldehyde.  A  good  oil  contains  as 
much  as  75—90  p.  c.      ' 

Composition.  The  principal  constituent  of  cassia  oil  as  well  as  of 
cinnamon  oil  is  the  cinnamie  aldehyde.  The  differences  in  the  two  oils 
due  to  the  accompanying  constituents  were  known  to  the  chemists 
who  investigated  the  Chinese  and  Ceylon  oils  during  the  first  half  of 
this  century,  Blanchet'  (1833)  e.  g.  calls  attention  to  the  fact  that 
cassia  oil  has  a  much  more  pungent  odor  than  the  Ceylon  cinnamon 
oil.  Dumas  and  Pfligot8  (1834)  also  point  out  differences  in  the  oils. 
With  oils  distilled  by  themselves  they  came  to  the  conclusion  that  the 
cinnamie  acid,  obtained  by  the  oxidation  of  the  oil,  stood  in  the  same 
relation  to  the  cinnamon  oil  or  cinnamie  aldehyde,  as  benzoic  acid  does 
to  bitter  almond  oil  or  benz- aldehyde.  In  other  words  they  recognized 
that  cinnamon  oil  consists  essentially  of  cinnamie  aldehyde.  The  same 
investigators  discovered  the  interesting,  though  unstable  substance 
CbHsO.NOoH,  which  results  upon  the  addition  of  nitric  acid  to 
cinnamie  aldehyde  in  the  cold,  and  which  is  remarkable  on  account  of 
its  tendency  to  crystallize. 

Of  other  investigations  of  the  same  period,  those  of  Mulder8  (1840) 
and  of  Bertagntni*  (1853)  may  be  mentioned.  Bertagnini  investigated 
the  compounds  resulting  by  the  action  of  the  acid  alkali  sulphites  upon 
the  aldehyde,  the  composition  of  which  has  only  recently  been  definitely 
established  by  Heusler»  (1891). 

Cinnamie  aldehyde,  C8HB.CH:CH.CH0,  is  a  light  yellow,  strongly 
refractive  liquid  with  an  intensely  sweet  taste.  At  low  temperatures  it 
solidifies  and  melts  at  —  7.50.8  8p.  gr.  1.064  at  15"  (1.0497  at  *^).t 
Only  under  greatly  diminished  pressure  does  it  boil  without  decom- 
position :  at  128 — 1.30°  under  20  mm.  pressure.8  For  purposes  of  identi- 
fication the  phenyl  hydraxone,  which  melts  at  168°,  is  well  adapted.9 

The  "cassia  stearoptene"  of  Rochleder10  is  a  crystalline  deposit  only 
seldom  found  in  old  cassia  oil.     Its   constitution  was  determined   by 

i)  Lteblg'a  Aunalnn,  T,  p.  134.  «>  Zeltacbr.  f.  phy«.  Chem.,  IS,  p.  24. 

*>  Ann.  de  Chlm.  et  Ptaya..  57,  p.  800;  ')  Uebljr'a  Annul™,  285,  p.  18. 

Abatr.  In  Lleblg'a  AnnaJen,  12,  p.  24:  lit.  si  Berlrhte,  IT,  p.  2110. 

p.  76:  14.  p.  50.  *)  Berlchle,  IT,  p.  575. 

»>  UeblK'H  Annalen,  34,  p.  147;  Journ.  ">)  Ber.    il.    Acsdem.    d.    Wlaaenecli.    hi 

I.  prakt.   Chem.,   15,  p.   807;   17.  p.  808;  Wlen,    mathpm.    phya.    K]..    1850,    p.    1. 

IB,  p.  885.  (Abatr.  Chem.  Centrbl.,  1851,  p.  43).  and 

*)  Lleblg'B  Annalen,  85,  p.  271.  Ibid.,     vol.    13,    p.    190.      (Abatr.    Chem. 

«)  Berlrtite,  24,  p.  1805.  Centrbl..  1854,  p.  701). 
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Bertram  and  Kuersten1  in  1895.  This"  particular  specimen  crystallized 
out  of  the  last  fraction  obtained  in  the  rectification  of  an  oil  of  cassia. 
In  the  pure  state  it  consists  of  well  formed,  hexagonal,  yellow  plates 
which  melt  at  45—46°.  They  have  a  very  persistent,  unpleasant  odor 
and  are  identical  with  methyl  ortho  cumaric  aldehyde,  CbH*(OCH«) 
CH:CH.CHO,  a  substance  that  can  be  obtained  synthetically  by  the 
condensation  of  methyl  salicylic  aldehyde  and  ace t-al deny de. 

A  constituent  that  has  no  very  favorable  influence  on  the  odor  and 
taste  of  the  cassia  oil  is  the  cinnamyl  acetate  which  was  found  in  the 
oil  by  Schimmel  &  Co.2  in  1889.  Upon  saponification  of  the  non-aldehyde 
constituents  of  the  oil  with  alcoholic  potassa  cinuamic  alcohol  is  obtained 
on  the  one  hand  and  acetic  acid  on  the  other.  The  former  crystallines 
from  ether  in  hard,  white  crystals  (b.  p.  137°  at  11  mm.).  Cinnamyl 
acetate  boils  between  135 — 140°  under  11  mm.  pressure  and  has 
an  unpleasant  odor  and  a  grating  taste.  Besides  this,  small  amounts 
of  a  second  ester  seem  to  be  present,  viz.  the  phenyl  propyl  ester  of 
acetic  acid.  This  conclusion  is  drawn  from  the  boiling  point  of  an 
alcohol  that  accompanies  the  cinnamic  alcohol  after  saponification. 

On  account  of  the  readiness  with  which  cinnamic  aldehyde  oxidizes, 
cassia  oil  always  contains  free  cinnamic  acid,  but  the  amount  is  much 
less  than  one  might  expect  from  the  changeability  of  the  pure  aldehyde. 
It  is  present  to  the  extent  of  about  1  p.  c.<  The  free  acid  has  the 
undesirable  property  of  dissolving  the  lead  of  which  the  canisters  are 
made.  A  crystalline  sediment  observed  by  Hirschsohn*  in  1891  con- 
sisted of  lead  cinnamate.  Subsequently  he  examined  a  number  of  com- 
mercial oils  and  out  of  twelve  samples  eleven  were  found  to  contain 
lead.  The  test  for  lead  is  made  by  shaking  a  few  drops  of  the  oil  with 
sulphuretted  hydrogen  water.  According  to  the  amount  of  lead  present, 
the  oil  is  colored  red  to  black.  For  medicinal  or  culinary  purposes  only 
the  rectified  oil,  free  from  lead,  should  be  used. 

Adulterations  and  their  Detection.  Formerly  cassia  oil  was 
adulterated  only  with  fatty  oils,  cedar  wood  oil  and  gurjun  balsam  oil. 

1}  Journ.  I.  prakt.  Chem.,  II,  SI,  p.  816. 

»)  Bench t  von  H.  te  Co.,  Oct.  18S9,  p.  19. 

■)  Evidently  the  cinnamyl  acetate  largely  prevents  the  oxidation  as  [e  shown  by 
the  folio  wing  experiment.  A  very  old  oil  of  caBfda  containing  77.7  p.  c.  of  aldehyde  was 
set  aside  lor  a  year  In  shallow  dishes  covered  with  perforated  Alter  paper.  Heat,  light 
and  air  had  free  access.  At  the  end  ol  this  period  the  cinnamic  acid  content  had 
Increased  from  0.7  p.  c.  to  8.3  p.  c.  Reunification  had  been  bat  slight,  lor  the  non. 
volatile  residue  (comp.  teste),  was  but  slightly  greater  alter  the  experiment  than  before. 
Under  like  conditions  pure  cinnamic  aldehyde  would  rapidly  have  been  converted  Into 
a  mass  of  crystals  of  cinnamic  acid.— (Ber.  ol  S.  ft  Co.,  Oct.  1BB0,  p.  10.) 

*j  Pharm.  Zeltschr.  I.  Bussland,  SO,  p.  790. 
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The  detection  o!  these  adulterants  was  very  simple,  since  the  specific 
gravity  was  lowered  and  the  oil  was  no  longer  soluble  in  80  p.  c. 
alcohol.  The  presence  of  the  oils  of  cedar  wood  and  gurjun  balsam  could 
furthermore  be  readily  ascertained  by  their  strong  laevo-rotation.  Less 
easy  of  detection  was  the  adulteration  with  rosin  and  petroleum  which 
was  much  practiced  in  Macao  and  Hongkong  especially  during  the  late 
eighties.  At  first  colophonium  only  seems  to  have  been  used,  but  inas- 
much as  larger  additions  of  rosin  thickened  the  oil  and  increased  its 
specific  gravity,  this  discrepancy  was  equalized  by  the  addition  of 
petroleum.  Inasmuch  as  this  method  of  adulteration  did  not  influence 
the  solubility  in  80  p.  c.  alcohol  any  more  than  the  specific  gravity,  it 
was  not  discovered  for  some  time.  Detection,  however,  followed  when 
the  addition  of  rosin  became  too  large.  The  commercial  oils  of  that 
period  had  a  very  unpleasant  odor,  a  dark  brown  color  and  the  con- 
sistency of  a  thick  lacquer.  The  taste  which  was  but  slightly  sweetish 
soon  gave  way  to  an  unpleasant  and  persistently  grating  sensation  in 
the  mouth.  Upon  rectification  with  water  vapor,  as  much  as  40  p.  c. 
of  a  resinous  mass  remained  in  the  still.  The  distillate  separated  in 
two  layers:  one  sank  to  the  bottom  of  the  water,  the  other  floated  on  it. 
The  latter  consisted,  as  was  found  upon  examination,  of  petroleum. 

The  demand  to  be  able  to  detect  on  a  small  scale  this  form  of 
adulteration,  led  to  the  distillation  test  of  Scliimmel  &  Co.1  This  test 
consists  in  distilling  a  weighed  or  measured  quantity  of  the  oil  and 
weighing  the  residual  rosin. 

Fifty  grams  of  cassia  oil  are  weighed  in  a  tared  fractionation  flask  of 
100  oc.  capacity  {fig.  08,  p..l89l.  A  tube  1  m.  in  length  is  attached  as  con- 
denser and  the  oil  distilled  with  the  aid  of  a  direct  flame.  At  first  water 
passes  over  with  "cracking,"  the  thermometer  then  rises  rapidly  to  240°  and 
tbe  balk  of  the  oil  distills  between  240  and  260°.  The  end  of  the  distillation 
is  indicated  by  the  appearance  of  white  fumes  arising  from  the  decomposition 
of  the  residue.  The  thermometer  at  the  some  time  ris^a  to  280— 290°.  L'pon 
cooling  the  residue  in  the  flask  is  weighed.  The  residue  of  a  good  oil  is  viscid 
and  tough  and  constitutes  6—8,  at  most  10  p.  c.  of  the  oil.  The  residue  of  an 
oil  adulterated  with  rosin  is  bard  and  brittle  and  correspondingly  larger. 

Instead  of  weighing  the  oil,  50  cc.  can  be  measured  in  a  pipette  and  the 
distillate  be  collected  in  a  graduated  cylinder.  By  deducting  the  number  of  cc. 
of  distillate  from  50,  the  amount  of  residue  cau  be  ascertained  with  sufficient 
accuracy. 

The  petroleum  can  be  detected  in  the  distillate.  The  distillate  from  pure 
oils  forms  a  clear  solution  with  70 — 80  p.  c.  alcohol.     If  petroleum  is  present, 

i)  Berlcbt  von  S.  &  Co.,  Oct.  1889,  p.  15. 
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no  perfect  solution  results: '  the  liquid  in  turbid  at  first,  but  upon  standing  the 
supernatant  petroleum  can  be  removed  and  its  behavior  toward  sulphuric  and 
nitric  acids  be  tested  (eonip.  p.  201.) 

In  order  to  detect  rosin  in  cassia  oil  without  material  loss,  Gilbert2 
suggests  that  several  graniH  of  oil  he  heated  in  a  watchglass  in  a 
drying  oven  at  a  temperature  of  110—120°  until  of  constant  weight. 
According  to  Gilbert,  the  determination  of  the  acid  number  also  yields 
useful  results  for  the  detection  of  rosin.  An  oil  which  upon  distillation 
yielded  6  p.  c.  of  residue  had  an  acid  number  of  18.  After  20  p.  c.  of 
roBin  (acid  number  150)  had  been  dissolved  in  the  oil, 
the  acid  number  rose  to  40.  A  cassia  oil  with  28  p.  c. 
of  residue  yielded  an  acid  number  of  47. 

Ax-cording;  to  Hirschsohn8  (1890),  an  alcoholic 
solution  of  lead  acetate,  which  has  the  property  of 
producing  precipitates  with  a  solution  of  rosin,  can  be 
used  for  the  detection  of  rosin  in  cassia  oil. 

To  a  solution  of  1  p.  of  cassia  oil  in  3  p.  of  70  u.  c. 
alcohol,  ft  freshly  prepared  solution  of  lead  acetate  in  70  p.  c. 
alcohol,  saturated  at  ordinary  temperature,  is  added  drop 
by  drop  to  the  extent  of  one-half  the  volume  of  the  oil 
solution.  If  a  precipitate  is  produced,  the  oil  was  adulter- 
ated with  rosin.    As  little  as  5  p.  c.  of  rosin  can  be  detected 

Aldehyde  Assay.    Inasmuch  as  the  value  of  cassia 

oil    depends   on   its    cinnamic    aldehyde    content,   the 

aldehyde  assay  is  of  the  greatest  importance  in  deter- 

A   mining  the  value  of  the  oil.    The  method  worked  out 

P J  by  Schimmel  &  Co.*  is  universally  recognized5  and  the 

'    oil  is  sold  according  to  the  results  obtained  by  it  in 

fi*.  7i.         the  principal  markets  of  the  world,  such  as  Hongkong, 

i  natorai  <die.    London   Hamburg  and  New  York. 

For  tbe  assay  a  special  flask  (cassia  flask,  aldehyde  flask,  tip;.  71)  of  about 
i  cc.  capacity  is  axed.      The  neck  of  the  flask  is  about  13  cm.  long,  has  an 


■  )  As  Already  stated. 
In  80  p.  c.  alcohol,  whi 
added  dues  not  form  a  c 
In  the  In rm  of  oily  dropi 

»)  ("hem,  ZeltunK,  IS.  p.  1400. 

»)  Pharm.  Zeltschr.  I.  Rneel..  29,  I 

*)  Kericht  tod  S.  A  Co.,  Oct.  1SDI 

s)  In  the  description  of  his  trave 

relates    that   he    found    the   implements 

Schlmmel  *  Co.  on   a  plantation   near   1 

von  S.  &  Co.,  Oct.  1KBS,  p.  12. 
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o  which  petroleum  ha*  been 
ol,  the  petroleum  separating: 
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inner  diameter  of  H  mm.,  and  in  calibrated  into  Mo  cc.  The  neck  baa  a 
capacity  of  about  6  a:.  The  zero  mark  is  fixed  slightly  above  the  point 
where  the  flask  is  narrowed  into  the  neck. 

By  means  oS  a  pipette,  10  cc.  of  oil  are  transferred  to  the  flask  and  an 
oqual  volume  of  30  p.  u.  sodium  acid  sulphite  solution  is  added.  The  mixture 
is  slmken  and  the  flask  plated  in  a  boiling  water  bath.  After  the  solid  mass 
has  become  liquid  more  acid  sulphite  solution  is  added,  the  mixture  being 
constantly  heated  and  occasionally  shaken,  until  fully  three-fourths  of  the  flask 
is  filled.  The  solution  is  heated  until  no  more  solid  particles  are  visible  aud 
the  odor  of  cinnamic  aldehyde  has  disappeared.  When  the  clear  oil  floats  upon 
the  salt  solution,  flask  and  contents  are  allowed  to  cool  and  sufficient  acid 
sulphite  solution  is  added  to  raise  the  lower  limit  of  the  oily  layer  to  the  zero 
point  of  the  scale.  The  number  of  cc.  of  oil  is  read  off,  aud  by  deducting 
this  uumber  from  ten,  the  aldehyde  content  is  ascertained.  Accurately  speaking, 
percentage  by  volume  aud  not  percentage  by  weight  is  determined  in  this  manner. 
Inasmuch,  however,  as  the  specific  gravity  of  the  aldehyde  and  the  non- 
aldehyde  constituents  is  almost  the  same,  the  two  are  practically  identical. 

The  chemical  reactions  involved  can  be  explained  by  means  of  the 
following  equations   (Heusler,1  1891):    At  first  the  insoluble  aldehyde 
addition  product  is  formed. 
C«Hb  .  CH  :  CH  .  CHO  +  NoH80«  =  CeHH  .  CH  :  CH  .  CHO  .  NaHSO. 

When  boiled  with  water,  two  molecules  of  this  addition  product 
break  up  into  a  molecule  of  cinnamic  aldehyde  and  one  of  sulpho 
cinnamal  hydroxy  Bulphonate  of  sodium. 

2CflH6 .  CH :  CH .  CHO .  NaHSOs  =  CjHs .  CH .  CH .  CHO  + 

CaHsCHs .  CH(SOsNa) .  CHO .  NaHSOa 

In  order  to  convert  all  of  the  aldehyde  into  the  second  compound 
soluble  in  water  it  is  necessary  to  use  an  excess  (2  mol.)  of  sodium 
acid  sulphite.  The  salts  of  the  sulpho  cinnamal  hydroxy  Bulphonic  acid 
are  readily  soluble  in  water,  and  not  decomposed  by  boiling  water-  They 
are  decomposed  by  destructive  distillation  or  when  heated  with  caustic 
soda  or  sulphuric  acid. 

The  aldehyde  content  of  a  good  cassia  oil  amounts  to  at  least 
75  p.  c,  and  only  in  rare  instances  is  higher  than  90  p.  c.  However, 
oils  have  been  obtained  from  China  which  contained  only  85 — 50  p.  c. 
of  aldehyde,  yet  no  adulteration  could  be  detected.  According  to  the 
Chinese,  these  oils  were  distilled  from  young  leaves,  an  assertion  the 
correctness  of  which  cannot  be  ascertained. 

i)  Berlcnte,  24.  p.  1803;   Bericht  von  S.  4  Co..  April  1890,  p.  18. 
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In  order  to  be  able  to  assay  oils  with  but  35  p.  c.  of  aldehyde 
according  to  the  method  given  above,  it  is  necessary  to  use  5  cc.  of 
oil  instead  of  10  cc.  and  to  make  corresponding  changes  in  the  calculation. 

Oila  obtained  from  the  different  parts  of  the  Cassia  Shrub. 

All  parts  of  the  cassia  shrub  yield  oils  with  a  high  aldehyde  content.1 
The  differences  in  the  specific  gravity,  though  they  are  but  slight, 
indicate  that  the  non-aldehyde  constituents  vary  somewhat  as  to  com- 
position. In  the  distillation  of  the  commercial  oil  only  the  leaves  and 
twigs  are  commonly  used.  The  bark  and  the  so-called  cassia  buds 
command  too  high  a  price,  whereas  the  flower  stalks  cannot  be  obtained 
hi  sufficient  quantity.  However,  ft  may  happen  occasionally  that  all 
of  these  parts  are  distilled. 

1.  Oil  from  the  bark,  the  Cassia  lignea  of  commerce.  Yield  1.5  p.  c. ; 
sp.  gr.  1.035;  aldehyde  content  88.9  p.  c. 

2.  Oir  from  the  cassia  buds,  the  Flores  cassias  of  commerce.  Yield 
1.6  p.  c;  sp.  gr.  1.026;  aldehyde  content  80.4  p.  c. 

3.  Oil  from  the  stalks  of  the  cassia  buds.  Yield  1.7  p.  c. ;  sp.  gr. 
1.046;  aldehyde  content  92  p.  c. 

4.  Oil  from  the  leaves.  Yield  0.54  p.  c. ;  sp.  gr.  1.056;  aldehyde 
content  93  p.  c 

5.  Oil  from  the  twigs.  Yield  0.2  p.  c. ;  sp.  gr.  1.045;  aldehyde 
content  90  p.  c. 

6.  Oil  from  a  mixture  of  leaves,  petioles  and  young  twigs.  Yield 
0.77  p.  c. ;  sp.  gr.  1.055;  aldehyde  content  93  p.  e. 

Inasmuch  as  the  commercial  oil  is  distilled  from  the  materials 
enumerated  under  No.  6,  its  properties  should  correspond  with  those 
found  and  recorded  above.  The  fact  that  the  commercial  oils  never 
equal  the  above  in  quality  is  probably  due  to  the  crude  method  common 
in  China,  namely  the  distillation  over  a  free  flame. 

Production  and  Commerce.  Cassia,  also  known  commercially  as 
Cassia  lignea  in  order  to  distinguish  it  from  other  cinnamon  varieties, 
is  produced  in  a  comparatively  limited  territory,  namely  in  the  provinces 
Kwang-si  and  Kwang-tung.  The  cassia  district  lies  between  the  degrees 
110  and  112  eastern  longitude.  It  is  bounded  on  the  north  by  the 
Si-kiang  or  West  river,  and  extends  to  the  south  as  far  as  the  23°  3' 
northern  latitude.  The  principal  plantations  are  In  the  vicinity  of 
Tai-wo,  Yung  and  Sih-leong  on  the  Sang-kiang,  also  at  Loting-chow  on 
the  Lintan  river. 
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The  Tai-wo  product  is  preferred  in  the  market.  The  annual  output 
of  cassia  varies  between  50,000  and  80,000  picula  or  3,000,000  and 
4,800,000  k.  Canton  and  Hongkong  are  the  principal  markets.  From 
the  latter  point  54,032  piculs  were  exported  during  1896. 

The  distillation  is  conducted  in  the  district  outlined  above.  As 
material  for  distillation  the  leaves,  petioles  and  twigs,  which  result  as 
waste  in  the  production  of  the  Cassia  lignea,,  are  used.  Whereas  the 
cassia  bark  is  transported  down  the  Si-kiang,  the  natural  water  route, 
to  Canton,  the  oil  is  conveyed  in  lead  containers  over  the  mountains 
to  Pak-hoi  and  then  by  ship -to  Hongkong.  This  is  done  to  avoid  the 
high  tariff  levied  at  the  Likin  stations  on  the  way  to  Canton. 

The  annual  production  of  cassia  oil  varies  between  2,000  and  3,000 
piculs,  or  4,000  and  6,000  cases  of  30  k.  each,  with  a  value  of  $250,000 
to  $375,000.  Hongkong  is  the  principal  center.  The  aldehyde  content 
serves  as  criterion  of  the  value  of  the  oil.  Following  the  example  of 
Schimmel  &  Co.,  the  principal  firms  in  Hongkong  are  equipped  to  make 
the  aldehyde  assay  and  have  acquired  a  considerable  degree  of  accuracy 
in  making  the  test. 

133.   Japanese  Cinnamon  Oil. 

The  various  parts  of  Cinnaniomum  loureirii  Nees  are  used  in  Japan 
as  cinnamon,  the  root  bark  Kom&ki  being  especially  esteemed.  Upon 
distillation  Shimoyama1  obtained  1.17  p.  c.  of  a  light  yellow,  strongly 
refractive  oil,  ap.  gr.  0.982  at  15°.  Like  the  genuine  cinnamon  oil  it 
contains  cinnamic  aldehyde.  The  non-aldehyde  oil  has  the  odor  of 
lavender,  boils  at  175—176°  and,  as  shown  by  analysis,  consists 
principally  of  a  terpene. 

134..    Oil  from  the  Bark  of  Cinnamomum  Kiamia. 

From  the  massoy  bark  of  Cinnamomum  kiamis  Nees  Bonastre* 
(1829)  distilled  an  oil  that  separated  into  a  light  and  a  heavy  oil  and 
from  which  a  camphor  crystallized  out.  The  light  oil  was  almost 
colorless,  mobile,  and  its  odor  reminded  of  sassafras.  The  heavy  oil 
was  thicker,  less  volatile,  had  a  fainter  odor  and  a  strong  taste  of 
sassafras.  The  massoy  camphor,  which  is  likewise  heavier  than  water, 
consists  of  a  white,  soft,  odorless  and  tasteless  powder  which  is  soluble 
in  hot  alcohol  and  ether. 

,  11.  p.  587. 
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135.    Culilawan  Oil. 

The  oil  from  culilawan  bark  from  Cinn&momam  cuhl&w&n  Bl.  whs 
first  prepared  by  Schloss1  in  1824  who  describes  it  as  an  oil  having  the 
odor  of  the  oils  of  clove  and  cajepnt.  The  yield  is  4  p.  c;  sp.  gr.  1.051. 
With  8  or  more  parts  of  70  p.  c.  alcohol  it  produces  a  clear  solution. 

The  principal  constituent  is  eugenol  (benzoyl  eugenol,  m.  p.  70 — 71°| 
of  which  the  oil,  assayed  according  to  Thorns'  method  contains  about 
62  p.  c.  (Gildemeister  &  Stephen, "  1897).  A  fraction  249— 252°  con- 
tained methyl  eugenol  (monobrom  methyl  eugenol  dibromide,  m.  p. 
78—79°;  veratric  acid,  m.  p.  179—180=6)*.  Fraction  100—125°  under 
10  mm.  pressure  possibly  contains  terpineol. 

136.  Oil  from  Clnnantomnm  Wightli. 

The  bark  of  Cinnamomum  wightii  Meissn.  which  grows  in  the 
mountainous  districts  of  southern  India,  yielded  upon  distillation  0.3 
p.  c.  of  oil,  which  boiled  from  130—170°  and  the  sp.  gr.  of  which  was 
1.010  at  15°.  The  plant  that  yields  this  bark  was  formerly  falsely 
designated  Michelia  nilogirica.* 

137.  Oil  from  Cinnamomum  Oliver!. 

From  the  bark  of  Cinnamomum  oliveri  Bail.,  a,  tree  known  in 
Australia  as  black,  brown  or  white  sassafras,  R.  T.  Baker*  obtained 
upon  distillation  with  water  vapor  0.75 — 1  p.  c.  of  an  oil  of  a  golden- 
yellow  color  and  a  very  agreeable  odor.  Sp.  gr.  1.001 ;  «d  =  +  22  to 
22.3°.  The  oil  distilled  between  213 — 253°,  54  p.  c.  passing  over 
between  231)— 253°. 

The  lowest  fraction  gave  the  iodol  reaction  for  cineol.  With  alkali 
a  email  amount  of  a  phenol,  presumably  eugenol,  was  separated,  which 
gave  a  blue  color  with  ferric  chloride.  Acid  sulphite  removed  from  the 
oil  about  2  p.  c.  of  an  aldehyde,  having  the  odor  of  cinnamon  and 
which  presumably  is  ciunamic  aldehyde.  Upon  cooling  the  oil  to  —12°, 
crystals  separated  which,  however,  dissolved  again  in  the  oil  when 
removed  from  the  freezing  mixture  (safroi?). 

The  leaves  of  this  tree,  which  was  formerly  incorrectly  designated 
as  heihrhmiedia  obtn.-i folia,  yield  upon  distillation  (770  oz.  to  the 
ton)  an  oil  which  has  a  decided  odor  of  sassafras.0 

i)  Troniiim.l'.rH'a  Ncuet  Jo  urn.  <]er  Pliarm.,  8.  II.  p.  1011. 

»)  ArchiT  d.  Phnrm.,  ^85,  p.  58H. 

»>  Uertrht  von  X.  A  Co.,  Oct.,  1MST,  p.  8«:   Apr.  1HKS,  p.  -111. 
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138.    Oil  from  Peraea  Gratiaeima. 

The  leaves  of  Pemea  gratisaima  Gaertn.  (from  the  botanical  garden 
in  Genoa)  yielded  upon  distillation  0.5  p.  c.  of  a  light  greenish  oil  which 
closely  resembles  estragon  oil  in  odor  and  taste.1  Sp.  gr.  0.9607 ; 
od  =  +  1°50';  lto  at  18.2°= 1.5164.  These  data  indicated  the  presence 
of  fairly  pure  methyl  chavicol.  Anethol  was  excluded  because  of  the 
absence  of  a  sweet  taste  and  because  no  crystals  separated  when  the 
oil  was  exposed  to  a  freezing  mixture. 

An  attempt  to  convert  a  part  of  the  oil,  of  which  but  10  g.  were 
obtainable,  into  anethol  by  means  of  alcoholic  potassa  failed  on  account 
of  an  accident.  The  remaining  oil,  when  oxidized  with  permanganate, 
yielded  an  acid  melting  at  183°  which  possessed  the  properties  of 
anisic  acid,  thus  indicating  methyl  chavicol. 

130.    Oil  from  Clove  Bark. 

The  bark  of  the  Brazilian  tree  Peraea.  earyophyllata  Mart.  (Diey- 
pellium  c&ryophyt  latum  Nees)  was  formerly  used  in  the  apothecary 
shops  as  Cortpx  caryophyllati.  It  was  also  known  as  Cassia  caryo- 
phyllata,  (Ger.  Nelkenrinde,   Nelkenzimt,3  Nelkencassie  and  Nelkenholz). 

Upon  distillation  of  the  powdered  bark,  Troramsdorff8  (1881) 
obtained  4  p.  c.  of  a  light  yellow  oil  heavier  than  water  which  had  the 
odor  of  cloves.  With  potassa,  soda,  and  ammonia  the  oil  formed 
crystalline  compounds  from  which  it  could  be  regenerated  upon  the 
addition  of  sulphuric  acid.  This  property  as  well  as  odor  and  density 
render  it  probable -that  this  oil,  like  the  oil  of  cloves,  contains  eugenol. 

140.    Oil  of  Plchnrim  Beans. 

The  volatile  oil  of  the  cotyledons  of  Nectandra  pichury  major  Nees 
and  N.  p.  minor  Nees,  the  pichurim  beans  of  commerce,  was  first  prepared 
by  Robes*  in  1799  and  then  by  Bonastre5  in  1825.  It  was  examined 
by  Mueller8  in  1853.  On  account  of  the  large  amount  of  starch  present 
he  added  sulphuric  acid  to  prevent  the  formation  of  starch  paste  and 
obtained  0.7  p.  c.  of  an  oil  of  greenish-yellow  color  and  the  characteristic 
pichurim  odor. 

i>  Berlcht  von  H.  &  Co.,  Oct.  1804,  p.  71. 

»)  The  oil  from  the  leaves  of  the  Ceylon  cinnamon  iviis  tor  a  time  designated  an 
NelkemlmtBl. 

•)  Trommadorffii  Neues  Joiirn.  d.  Pnarin..  23,  I,  p.  T. 
*)  Berlin.  Jahrb.  d.  Pharm..  .">.  p.  60. 

«)  Ibidem,  37,  p.  16IC  Itepert.  f.  d.  Fharin.,  I.  21.  p.  21)1. 
«|  Journ.  f.  prakt.  Chem..  fi8,  p.  4(13. 
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The  oil  distills  between  180—270°.  After  repeated  fractionation, 
Mueller  obtained  a  hydrocarbon  (pinene?)  with  a  constant  boiling  point 
at  150°.  Fraction  165—170°  had  an  orange  odor  and  seems  likewise 
to  hare  been  a  terpene.  Fraction  255—256°  had  a  deep  indigo  blue- 
color.  From  the  highest  fractions  crystals  of  "pichurim  Fettsilure" 
(lauric  acid)  separated.  Inasmuch  as  the  pichurim  beans  have  a  distinct 
safrol  odor,  this  substance  is  probably  a  constituent  of  the  oil. 

141.    Caparrapl  Oil. 

According  to  B.  F.  Tapia1  (1898)  the  oil  of  Nect&ndra  caparrapi  is 
long  known  in  Columbia  as  caparrapi  oil.  The  tree  is  popularly  known 
as  Canelo,  probably  on  account  of  the  cinnamon-like  odor  of  the  bark. 
The  oil  is  obtained  according  to  a  method  similar  to  that  in  vogue  in 
this  country  for  the  production  of  turpentine,  and  is  used  as  a  substitute 
for  copaiba  in  this  country. 

In  commerce  the  oil  is  found  more  or  less  colored  in  accordance 
with  the  temperature  employed  in  the  removal  of  the  water.  It  contains 
a  monobasic  acid,  CisHaeOs,  which  melts  at  84.5°  and  which  can  be- 
obtained  iu  a  crystalline  form  only  from  the  light  colored  oils.  The  acid 
free  oil  consists  in  large  part  of  a  sesquiterpene  alcohol,  CisHasOH, 
called  caparrapiol,  which  is  converted  into  caparrapene,  CibHs«,  by 
dehydrating  agents.  The  alcohol  as  well  as  the  hydrocarbon  are  readily 
polymerized,  especially  by  heat,  so  that  in  the  water  distillation  about 
three-fourths  of  the  oil  is  resinifled. 

142.    Guayana  Linaloe  Oil. 
The  oil  from  Ocotea  caudnta  is  described  together  with   Mexican 
linaloe  oil,  which  see. 

143.  Ocotea  or  Laurel  Oil  from  Guayana. 
An  oil  designated  laurel  oil  from  Demerara  (British  Guayana)  was 
examined  by  Stenhouse*  in  1842.  According  to  Christisou,  it  is  obtained 
from  a  species  of  the  genus  Ocotea,.  Incisions  are  made  near  the  root, 
penetrating  the  oil  cavities  beneath  the  bark.  The  exuding  oil  is  a 
yellowish  liquid  which  has  a  pleasant  terebinthmate  odor,  sp.  gr.  0.864 
at  13.3°  and  boils  between  149—162.5°.    Upon  standing,  a  mixture  of 

i)  Ball.  Soc.  chlm..  Ill,  19,  p.  688. 

>1  Phlloa.  Mag&i.  and  Joum.  of  Science.  20. 
44,  p.  800:  00,  p.  IDS.  Pump,  alio  Hancock, 
F*vr.  182B.  p.  las.    Abetr.  TrommsdortTH  Kent 
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oil,  alcohol  and  dilute  nitric  acid  yielded  crystals  which  upon  recrystal- 
lization  ware  obtained  in  the  form  of  white,  rhombic  prisms  melting 
at  150°.  The  oil,  therefore,  appears  to  consist  of  pinene  and  the 
crystals  obtained  by  Stenhouse  were  probably  terpin  hydrate  although 
the  melting  point  of  this  substance  lies  at  116 — 117°  and  not  at  150°.  * 
144.    Venezuelan  Camphor  wood  Oil. 

Through  the  kindness  of  Professor  H.  H.  Eusby,a  Fritzsche  Bros,  of 
New  York  obtained  some  Venzuelan  camphorwood,  the  botanical  origin 
of  which  has  not  been  determined,  but  which  probably  belongs  to  either 
the  genus  Nevtandra  or  Ocotea  (Family  Lxuraceae).  The  wood,  which 
was  in  the  form  of  large  billets,  was  rather  soft  and  easily  split,  has  a 
silky  lustre  and  possesses  a  faint  odor  reminding  somewhat  of  borneol. 

Upon  distillation  of  the  comminuted  wood,  1.15  p.  c.  of  a  light 
yellow  oil  was  obtained  that  had  an  unusually  high  sp.  gr.,  viz.  1.155, 
and  «d=:  +  2o40'.8  The  oil  had  a  faint  odor  reminding  of  that  from 
Asavum  canadense  and  congeals  at  ordinary  temperature  to  a  crystalline 
mass.  Drained  and  recry stall ized  this  was  obtained  in  the  form  of 
handsome,  colorless  prisms  which  melt  at  28.5°.  Concentrated  sulphuric 
acid  dissolves  these  with  a  blood-red  color.  When  boiled  with  alcoholic 
potassa  they  are  converted  into  a  substance  which  recrystallizes  from 
alcohol  in  plates  and  melts  at  55—56°.  These  properties  show  that  the 
crystals  which  separate  from  the  oil,  and  which  constitute  about  90 
p.  c.  of  it,  consist  of  apiol.  A  careful  comparison  showed  them  to  be 
identical  in  all  respects  with  the  apiol  from  parsley  oil. 

145.    Sassafras  Oil. 

Oleum  Sassafras.—  Sassafrasul.  —  Esse  ace  de  Sassafras. 

Origin  and  History.  The  sassafras  tree,  Sassafras  officinalis  Nees 
(Family  Lauraceoe)  is  widely  distributed  in  North  America  from  Canada 
to  Florida  and  Alabama,  and  westward  as  far  as  Kansas*  and  the 
northern  part  of  Mexico.  In  the  southern  states  it  frequently  attains 
a  height  of  15  m.,  the  trunk  occasionally  having  a  diameter  of  %  m. 

Numerous  older  statements  to  the  contrary,  the  older  bark  and 
wood  are  odorless.  The  green  parts  of  the  tree,  when  crushed,  smell 
faintly  aromatic,  but  not  of  safrol.  The  wood  of  the  roots  and  especially 
the  root  bark  are  more  rich  in  oil  cells. 


i)  Ginelln,  Organ,  ('hem.,  IV  ed..  vol.  7,  p.  382.  the  melting  point  ot  tbe 
obtained  hj-  Htonhounc  I*  Riven  aa  125°. 

»>  Comp.  Ruaby,  Botany  of   Venemela.  Pharm.  J  num..  BT,  p.  202. 
»)  Berlrht  von  S.  ft  Co.,  Apr.  lfiBT.  p.  82. 
*)  Pruc.  Am.  Fhaiui.  Aaaoc.,  2D.  p.  410. 
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As  already  mentioned  under  the  oils  of  sweet  birch  and  wintergreen 
(p.  381)  next  to  turpentine  oil,  the  oil  of  sassafras  was  the  first 
volatile  oil  distilled  in  a  primitive  fashion  in  North  America.  On 
account  of  the  pleasant  aroma,  the  root  bark  was  chewed  by  the 
natives  as  Pavame.  It  was  also  mixed  with  smoking  tobacco 
(Raflnesque1),  and  added  as  aromatic  to  refreshing  beverages  and 
was  used  as  a  remedy.  On  account  of  its  peculiarity,  the  sassafras 
tree  is  said  to  have  attracted  the  attention  of  the  Spaniards  at 
their  first  landing  in  Florida  under  Ponce  de  Leon  in  1512,  also 
under  de  Soto  in  1538.  They  are  said  to  have  regarded  it  as  a  kind 
of  cinnamon  tree.  Afterward  the.  sassafras  tree  soon  came  to  be 
regarded  as  a  valuable  medicinal  plant  and  article  of  luxury  of  the  new 
world,  not  only  by  the  Spaniards  and  French  in  Florida,  but  also  in 
Mexico.  As  late  as  the  first  half 'of  this  century  the  bark,  leaves  and 
buds  were  used  in  the  middle  and  central  states  as  a  substitute  for 
Chinese  tea  (Lloyd8). 

As  early  as  1582  sassafras  wood  and  bark  became  known  in 
Germany  as  a  new  American  drug  and  were  used  under  the  name  of 
Lignum  pavauum,  L.  fforidum,  L.  xylomamthrum  (Ger.  Fenchelhoh).* 
In  1610  young  plants  were  brought  to  England  and  cultivated.4  Bark 
and  wood  were  apparently  first  distilled  by  Angel  us  Sala  in  1620,  who 
mentions  that  the  oil  is  heavier  than  water.5  Hohroeder's  Pharmacopeia 
medico-chymica,  published  in  Frankfurt-on-the-Main  in  1641,  is  the  first 
pharmacopoeia  that  gives  directions  for  the  distillation  of  the  oil. 
whereas  the  municipal  price  ordinance  of  Frankfurt-on-the-Main  of  1.187 
already  enumerates  Oleum  ligni  stmsafras.  Hoffmann  in  Halle  distilled 
the  oil  in  1715  and  describes  it  as  being  colorless  and  specifically  heavy.* 
In  1738  Maud,  an  Englishman,  observed  the  formation  of  large  crystals 
of  sassafras  camphor.7  Early  examinations  of  the  oil  were  made  by 
Muechenbroeck,  by  Neumann,"  and  by  Dehne."  the  first  thorough  one 
was  made  by  Grimanx  and  Rnotte10  in  I860. 

A  detailed  historic  account  of  the  sassafras  tree  as  a  drug-yielding 
plant  was  given  by  J.  U.  Lloyd3  in  1808,  who,  however,  does  not  enter 
into  the  history  of  the  volatile  oil.    Schoepf,0  who  was  a  careful  observer 


>)  Med.   Flora  or  Manual  ol  the  Med.  «(  Observation**!  phyBleo-chymlrl.  Ob«r- 

Bot  uf  the  I'.  S.  oil*.  Am.,  vol.  2,  p.  28B.  vstlo  1.  p.  18. 

■i  HlntoricalHtud.volSaaXB.rraK.  Pharm.  »)  Phil.    Trana.    of    the     Roy.    Sue,    8, 

Review,  18.  p.450;  Pharm.  Era, 20,  p. 60S.  p.  24R. 

«)  Documents  mr  Geschlchte  der  Pilar-  »i  Ch.vm.  inert.,  vol.  2,  para  3,  p.  24H. 

made,  p.  SO.  ■)  System   d.  Mat.  rani.,  vol.  4.   p.  242. 

•)  PharmaeoKraphla.  p.  S8T.  ">)  Compt.  rend.,  en,  p.  umh. 

°l  Opera  phyiilco-niedfca,  p.  84. 
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and  who  traveled  through  the  Atlantic  states  in  \7SH  and  1784 
repeatedly  refers  to  the  sassafras  tree,  but  does  not  mention  the  oil. 
Evidently  the  distillation  of  the  oil  did  not  become  an  industry  until 
the  close  of  the  last  or  the  early  part  of  this  century.  Possibly  it  was 
fostered  by  the  growth  of  the  industry  in  medical  specialties  ("patent 
medicines"),  as  was  the  ease  with  the  oils  of  sweet  birch  and  wintergreen. 

The  process  of  distillation  seems  to  have  been  generally  very 
primitive.1 

The  still  consisted  of  a  barrel  with  a  |>eriorated  bottom,  (Irmly  fitted  into 
a  conical  iron  kettle.  The  top  of  the  barrel  could  be  removed  to  charge  the 
still.  It  is  provided  with  an  opening  for  the  reception  of  a  tin  tube  which 
passes  through  a  barrel  of  cold  water  and  serves  as  condenser. 

In  recent  years  the  distillation  is  conducted  iu  a  somewhat  more 
rational  manner. 

The  stills,  made  of  -1  in.  pine  plunks,  are  4 — 5  ft.  high,  about  12  ft.  square 
and  strengthened  by  iron  bauds.  One  of  the  sides  is  provided  with  two  close 
Atting  doors,  an  upper  one  for  charging  the  still,  and  a  lower  one  for  removing 
the  exhausted  material.  The  wood  is  split,  or  sawed  into  thin  pieces.  The 
steam,  generated  in  a  boiler,  enters  the  still  at  the  bottom  and  the  distillate  ia 
cooled  in  a  coil  condenser  and  collected  iu  a  large  copper  fbwk  of  20  gal. 
capacity.  About  2  in.  from  the  bottom  this  flask  is  provided  with  a  stopcock 
through  which  the  oil  is  drawn  off  from  time  to  time.  The  exhausted  wood  is 
dried  and  used  as  fuel.  Such  a  still  hue  a  capacity  For  20,000  lbs.  of  wo6M 
and  the  distillation  of  this  quantity  lasts  about  48—50  hours.  The  root  bark 
yields  6—9  p.  c.  of  oil,  the  woody  part  of  the  root  less  than  I  p.  c. 

Cp  to  the  middle  of  this  century  the  oil  was  distilled  principally  in 
Pennsylvania,  Maryland  and  Virginia,  and  Baltimore  and  Richmond 
were  the  principal  commercial  centers  for  the  oil.  At  the  beginning  of 
the  war  in  1860,  not  less  than  50,000  lbs.  of  sassafras  oil  were  sold 
annually  in  Baltimore  alone  (Sharp2).  Since  the  sixties,  considerable 
quantities  of  the  oil  have  also  been  distilled  in  New  Jersey,  New  York, 
Ohio,  Indiana,  Tennessee  and  the  New  England  states,  until  the  practical 
extinction  of  the  tree  rendered  the  industry  unprofitable. 

Properties.  Sassafras  oil  is  a  yellowish  or  reddish-yellow  liquid 
having  the  odor  of  safrol  and  an  aromatic  taste.  8p.  gr.  1.070—1.080; 
id  =  +  3  to  +4°;  soluble  in  all  proportions  in  90  p.  .c.  alcohol.  If, 
according  to  the  U.  S.  Pharmacopoeia,  5  drops  of  oil  are  mixed  with 
5  drops  of  nitric  acid,  a  violent  reaction  results :  the  oil  is  first  colored 
red  and  is  later  converted  into  a  red  resin  (Bonastre8). 

i)  Proe.  Am.  Pbaroi.  Assoc  14.  p.  211:  Am.  brugglit  1887,  p.  4">;  New  Remedies. 
1888.  p.  224;  Oil.  Paint  &  Urog  Reporter.  Sept.  14, 1891:  Pharra.  Journ.,  Ill,  32.  p.  491. 
»}  Am.  Joor.  Pharm.,  80,  p.  18.    Corap.  also  W.  Proctor,  Ibid.  88,  p,  1;  88,  p.  484. 
•)  Comp.  p.  400,  footnote  2. 
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Composition.  To  its  principal  constituent,  the  safrol,  CioHioOa,  the 
oil  owes  its  odor  as  well  as  its  principal  properties.  This  substance 
was  observed  by  Binder1  in  1821,  it  having  crystallized  out  of  the  oil. 
The  earlier  investigators3  contented  themselves  by  studying  the  action 
of  chlorine,  bromine,  etc.  on  the  oil  as  well  as  on  the  safrol.  Upon  satur- 
ating the  oil  with  chlorine,  then  neutralizing  the  mixture  with  lime  and 
distilling  with  water  vapor,  Faltin8  observed  another  constituent  of  the 
oil,  the  ordinary  camphor. 

The  term  safrol  was  introduced  by  Qrimaux  and  Ruotte*  (1869) 
who  ascertained  its  composition  to  be  represented  by  the  formula 
CioHioOa.  They  also  isolated  a  hydrocarbon  CioHis,  b.  p.  155—157°, 
and  named  it  salrene.  They  further  observed  the  presence  of  a  phenol 
which  had  the  odor  of  eugenol  and  produced  a  green  color  with  ferric 
chloride.  The  identity  of  this  phenol  with  eugenol  was  later  established 
by  Pomeranz"  (1890). 

A  detailed  study  of  the  composition  of  the  oil  was  made  by  Power 
and  Kleber*  in  1896.  From  the  air-dried  root  bark  7.4  p.  c.  of  oil  were, 
obtained,  sp.  gr.  1.075,  an  =  +  3°  16'.  After  most  of  the  safrol  had 
been  removed  by  freezing,  the  eugenol  (benzoyl  eugenol,  m.  p.  69°)  was 
shaken  out  with  caustie  alkali  solution.  The  oil  thus  deprived  of  safrol 
and  eugenol  was  fractionated.  Fraction  155—160°  was  found  to  consist 
of  pinene  (pinene  nitrolbenzylamine,  m.  p.  123°);  fraction  160—175° 
contained  phellandrene  (nitrite).  The  so-called  safrene  of  Grimaux 
and  Ruotte  is,  therefore,  pinene.  From  a  higher  fraction  dextro 
camphor  (oxime,  m.  p.  115°)  was  isolated.  The  quantitative  reduction 
of  the  camphor  to  borneol  and  the  acetylization  of  the  latter 
showed  that  camphor  was  present  to  the  extent  of  6.8  p.  c.  in  the 
oil.  Inasmuch  as  fraction  260—270°  gave  the  characteristic  sesquiter- 
pene reaction  with  sulphuric  and  glacial  acetic  acids,  the  presence  of 
such  a  hydrocarbon  is  assumed,  though  a  solid  hydrochloride  could  not 
be  obtained. 

According  to  the  investigation  of  Power  and  Kleber,  the  composition 
of  sassafras  is  as  follows: 


■  Repert.  I.  d.  Pharm.,  11,  p.  84(1 
>)  Bonaatre,  1828,  Journ.  de  Pharm..  II,  14,  p.  645. 
Journal.  19.  I,  p.   210;    Saint   Evre,   1814,  Ann.  de  Chlm 
Compt  rend,  IS,  p.  70S.    Abst.  Lleblg'a  Anrmlun,  52,  p.  S 
»)  Lleblg'a  Annalen,  ST.  p,  873. 
•)  Compt.  rend.,  68,  p.  928. 

iem.,  11,  p.  101. 
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Safrol 80.0  p. 

ST  .        1 10.0    ■ 

d-Camphor 6.8    ' 

Eugenol 0.G    ' 

High  bulling  gubetances  (spflf|iii- 

terpens  ami  reeidae) 8.0     ' 

100.3    ■ 

Adulteration.  Sassafras  oil  is  frequently  adulterated  with  camphor 
oil.  A  perfectly  pure  article  appears  to  be  of  rare  occurrence.  Inasmuch 
as  camphor  oil  contains  all  of  the  constituents  found  in  sassafras  oil, 
the  detection  of  the  former  is  exceedingly  difficult,  but  its  presence  may 
be  indicated  by  strong  variations  in  the  specific  gravity  and  other 
physical  properties.  Under  the  name  of  artificial  sassafras  oil,  fractious 
of  camphor  oil  having  a  specific  gravity  similar  to  that  of  true  sas- 
safras oil  are  sold. 

146.    Oil  of  Sassafras  Leaves. 

As  far  as  is  known,  the  oil  of  sassafras  leaves  has  been  prepared 
but  once.  Power  aud  Kleber1  obtained  upon  the  distillation  of  fresh 
sassafras  leaves  0.028  p.  c.  of  an  oil  with  a  very  agreeable  odor  remind- 
ing oi  that  of  lemons.    Sp.  gr.  0.872,  «d=+6°25'. 

The  low  boiling  fractions  consist  of  a  mixture  of  pinene  (nitrol- 
benzylamine)  and  myrcene.  This  representative  of  the  oleftnic  terpenes 
which  have  been  found  e.  g.  in  the  oils  of  bay,  hops,  origanum 
and  rosemary,  was  hydrated  according  to  Bertram's  method.  The 
resulting  alcohol  had  the  odor  and  boiling  point  of  linalool.  '  This 
alcohol  was  further  identified  by  its  oxidation  product  citral  and  the 
condensation  product  of  the  latter  with  naphthylamine  and  pyrotartaric 
acid.  The  third  terpene  identified  is  phellandrene  (nitrite).  In  addition, 
the  presence  of  a  paraffin  melting  at  58°  and  of  a  sesquiterpene  was 
established.  Of  oxygenated  constituents  the  oil  contains  citral  (citral-(J- 
naphtho  cinchoninic  acid)  and  the  two  isomeric  alcohols  linalool  and 
geraniol.  These  alcohols  occur  free  as  well  as  in  the  form  of  acetic  and 
valerianic  esters. 

147.    Cryptocaria  Oil. 

Cryptocaria  inoschata  Mart,  is  a  tree  10—15  m.  high  and  is  known 
in  Brazil    by   the  popular    name  Nos  moBC&do   do  Brasil,   Brazilian 

')  Pharm.  Review,  14,  p.  108. 
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nutmeg.  The  ripe  fruits  are  somewhat  smaller  than  nutmegs  and  have 
a  strong  aromatic  odor  reminding  of  laurel,  sassafras,  cajepnt  and 
nutmeg. 

Ten  kilos  of  the  powdered  fruit  deprived  of  their  pericarp  yielded  upon 
distillation  37  g.  of  volatile  oil  (Peckolt1).  This  is  a  mobile  liquid,  light 
yellow  in  color,  of  a  penetrating,  aromatic  odor  and  a  burning,  spicy 
taste.    Sp.  gr.  0.917.    It  is  soluble  in  90  p.  c.  alcohol  in  all  proportions. 

148.  Oil  of  Cryptocaria  Pretiosa. 
The  bark  of  Cryptocaria,  pretiosa  Mart.,  (Mespilodaphne  pretiosa 
Nees  et  Mart.,  Family  Laur&ceae).  which  is  indigenous  to  northern  Brazil 
on  the  Rio  Negro,  has  a  pleasant  aromatic,  cinnamon-like  odor.  Upon 
distillation  the  bark  yielded  1.16  p.  c.  of  an  oil  of  cinnamon-like  odor  and 
n  sp.  gr.  of  1.118.  Although  the  odor  seems  to  indicate  the  presence  of 
cinnamic  aldehyde,  no  crystalline  addition  product  was  obtained  with 
sodium  acid  sulphite  solution. a 

149.    Oil  of  Laurel  Leaves. 
Oleum  Liurl  l'olloriim.  —  LorbeerblHtterul.  —  Essence  de  Laurfer. 

Origin  and  History.  The  laurel,  Lauras  nobilis  L.  is  indigenous 
to  Asia  Minor,  Syria  and  the  Silician  Taurus  and  has  been  extensively 
cultivated.  During  classical  antiquity  it  acquired  great  significance  as 
a  symbol  of  victory  but  apparently  found  no  other  application  than 
an  a  decorative  plant.  During  the  middle  ages  bark  and  leaves  were 
used  medicinally.  The  laurel  oil  of  commerce  is  distilled  from  the  leaves. 
The  yield  varies  from  1 — 3  p.  c.  according  to  the  quality  of  the  leaves. 

Properties.  The  oil  of  the  laurel  leaves  is  a  light  yellow  liquid 
with  a  pleasant  odor,  which  first  reminds  of  that  of  cajeput  oil,  ami 
Inter  becomes  sweetish.  Sp.  gr.  0.920—0.930;  aD  =  — 13  to  — 18°: 
2 — 3  p.  of  80  p.  c.  alcohol  are  requisite  to  effect  solution. 

Composition.  The  oil  begins  to  boil  at  lii8°,  the  thermometer  rising 
rapidly  to  108°.  This  fraction  contains  pinene  (nitrolpiperidine  base, 
in.  p.  118°).  Fraction  17(i°  contains  ciiieol  as  shown  by  the  hydrobrom 
addition  product.  The  fractions  above  180°  had  a  decided  odor  of 
anethol.8  Inasmuch,  however,  as  the  oil  lias  no  sweetish  taste,  which 
ought  to  be  the  case  if  anethol  were  present,  tide  odor  seems  to  indicate 
methyl  chavicol,  the  isomer  of  anethol.  The  oil  also  contains  small 
amounts  of  eugenol  (benzoyl  eugenol,  m.  p.  70°). 8 

>)  Pharm.  Review.  14.  p.  24(1.  ')  Uericht  von  S.  ft  Co.,  -*pr.  1K99,  p.  31. 

»)  Berleht  von  S.  A  Co.,  Apr.  1808,  p.  68. 
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160.    Lam-el  Oil  from  Berriea. 

History.  Upon  boiling  and  expression  of  the  laurel  berries  a 
green  mixture  of  fatty  and  volatile  oil  is  obtained  (Oleum  laarinum) 
which  is  semi-liquid  at  ordinary  temperature.  It  was  used  during 
antiquity  and  in  older  literature  is  mentioned  among  the  substances 
employed  in  the  preparation  of  ointments;  also  among  the  aromatics. 
It  was  contained  in  the  first  edition  of  the  Dispensatorium  Noricum 
of  lo-i-JS.  The  volatile  oil  also  seems  to  have  been  used  medicinally. 
It  is  also  mentioned  in  the  price  ordinances  of  Frankfurt  of  1582  as 
well  as  in  later  ones.  At  present  it  seems  to  find  little  or  no  practical 
application  and  is  only  now  and  then  prepared  for  scientific  purposes. 
The  yield  from  the  berries  is  about  1  p.  c. 

Properties.  The  oil  from  the  berries  is  somewhat  more  viscid  than 
that  from  ttie  leaves;  its  odor  is  less  agreeable.  On  account  of  the 
iauric  acid  which  it  contains,  some  specimens  solidify  at  temperatures 
above  0°.  8p.  gr.  0.915 — 0.935.  The  angle  of  rotation  of  a  single  oil 
was  found  to  be  — 14°  10'.  The  same  oil  was  insoluble  in  80  p.  c. 
alcohol,  but  was  soluble  in  %  and  more  parts  of  90  p.  c.  alcohol. 

Composition.1  The  lower  fractions  contain  the  same  constituents 
as  the  leaf  oil  (Wallach,8  1889),  viz.  very  little  pineue  (pinene  nitrol- 
beiizylamine,  m.  p.  122—12:1°)  and  much  cineol  (cineol  hydrobromide). 
The  supposed  laurene  of  Bruhl8  (1888)  has  revealed  itself  as  a  mixture 
of  the  above  two  constituents.  Fraction  250°,  sp.  gr.  0.925,  «D  =  —  7.2°, 
has  the  composition  C1BH24  and  is  therefore  a  sesquiterpene  (Bias,4 
1865). 

Another  constituent  of  the  oil,  the  amount  of  which  will  vary 
according  to  the  duration  of  the  distillation,  is  Iauric  acid.  It  can  be 
removed  by  shaking  the  oil  with  lye  and  melts  when  pure  at  411°. B  In 
addition  the  oil  contains  ketones  and  alcoholic  constituents  which  form 
solid  compounds  with  sodium.  Liberated  by  means  of  water  they  form 
a  viscid  oil  which  distills  between  71—184°  under  20  mm.  pressure. 

The  statement  made  by  Gladstone*  that  this  oil  contains  eugenol 
has  not  been  substantiated  by  the  investigations  of  Bias  and  Miiller. 

l|  The  Brut  lnrentlfcntlons  were  cnrrhfl  out  by  Hontistre.  1S24,  Journ.  tic  Phftnn.. 
10,  p.  86;  11,  p.  8;  Almtr.  Itepert.  I.  d.  Pharra.,  I,  IT,  p.  100;  and  by  Brandea, 
1840,  Archlv  <1.  Pharni..  T2,  p.  180. 

a)  Llsbtft'B  Annalen,  252,  p.  07;  alno  MUller,  Berlchte,  23,  p.  B47. 

■)  Berlchte,  21,  p.  1ST. 

*]  IJbMjj'b  Annnlcn,  184,  p.  1. 

■)  Bias  and  Mailer,  Inc.  clt. 

•)  Journ.  Chem.  Sot,  I],  2,  p.  1.     Atwtr.  In  Jahreab.  I.  Cbom.,  1M6S.  p.  54S. 
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Although  Gladstone  designates  his  oil  as  "Bay  oil  from  the  berries  of 
Lauras  nobilis,"  it  seems  rather  probable  that  he  examined  genuine 
bay  oil  which  consists  largely  of  eugenol.' 

151.    Kuro-moji  Oil. 
Oleum  EnromoJI.— KoronoJISI.— Essence  de  Kuro  mojl. 

Lindora  sericea  Bl.  is  a  shrub  quite  generally  distributed  throughout 
the  mountainous  regions  of  Japan.3  All  parts  of  the  plant  contain 
small  amounts  of  volatile  oil,  even  'the  wood  which  is  used  in  the 
manufacture  of  tooth-picks.  The  oil,  which  was  introduced  into  the 
market  in  1889  by  Schimmel  &  Co.,  is  obtained  from  the  leaves  and 
young  twigs.  The  distillation  is  conducted  on  a  small  scale  by  farmers 
who  are  satisfied  to  work  up  the  material  growing  on  their  farms. 

Properties.  Kuro-moji  oil  is  of  a  dark  yellow  color  and  has  a  fine 
aromatic,  balsamic  odor.    Sp.  gr.  0.890  to  0.905;  od  =  —  0°4'. 

Composition.    According  to  Kwasnik8  (1892)  the  oil  contains  two 

terpenea  and  two  oxygenated  constituents,  vii.  d-limonene  (tetrabromide, 

m.  p.  104°),  dipentene  (tetrabromide,  m.  p.  124°),  terpineol  (phenyl- 

terpinyl  urethane,  m.  p,  109.5°),  and  1-carvone  (hydrosulphide,  m.p.  214). 

1S2.    Mountain  Laurel  Oil. 

All  parts  of  the  Mountain  laurel  or  California  bay  tree*  Vmbettularia 
californica  Nutt.  (Oreoduphne  californica  Nees,  Tetranthera  californica 
Hook,  et  Am.,  Californtscher  Lorbeerb&um)  contain  volatile  oil, 
especially  the  leaves  which  yield  2.4 B  to  4  s  p.  c.  The  oil  is  of  a  light 
yellow  color  and  has  a  pungent  aromatic  odor  reminding  of  nutmeg 
and  cardamom.  Strongly  inhaled  it  attacks  the  mucous  membrane 
and  causes  the  flow  of  tears.  The  taste  is  warm  and  camphor-like. 
Sp.  gr.  0.936  to  0.940. 

According  to  Heany8  the  oil  boils  between  175  and  245°  and  con- 
tains a  hydrocarbon  boiling  at  175°,  also  an  oxygenated  constituent 
called  oreodaphnol,  b.  p.  210°,  sp.  gr.  0.960. 

Btillmann0  found  in  fraction  167—168°  a  substance  of  the  com- 
position of  the  "terpinol"  of  Wiggers  and  List,T  also  umbellol,  boiling 
at  215 — 216°  and  having  the  composition  CgHigO. 

i)  Even  much  mure  recently  no  difference  »)  Berlcht*.  IB,  p,  080. 

has    been    made    Id    England    between    hay  •)  Am.  Journ.   Pharm.,  47,   p.  106; 

oil  and  the  oil  from  Isiiral  or    bay  berrlea.  Pharm.  Joorn..  til,  5.  p.  TV1. 
Comp.  e.  g.  Ashton  tn  Chemist  and  Druggtat,  ')  An  ahown  by  Walltch,  terpinol  la 

July  2,  1SD3.  no  chemical  unit,  but  a  mixture  ul  dlpen- 

s)  Chemist  and  Driwrlat,  47.  p.  R02.  tone,  terploene,  terplnotone  and  terpineol 

*)  Arehlv  d.  Pharm.,  280,  p.  200.  (Lleblg-'a  Annalen,  280,  p.  351). 

M  Ber.  d.  pharm.  Uw.,  0,  p.  56. 
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1S3.    Spicewood  Oil. 

All  parts  of  the  North  American  spicewood,  spice  bush  or  fever  bush 
(Benzoin  odorifemm  Nees,  Lanrua  benzoin  L.,  Benzoelorbeer-Struuch), 
but  especially  the  bark  and  the  berries  contain  volatile  oil.1  The  bark 
is  used  as  a  domestic  remedy. 

1 .  The  oil  of  the  bark  and  twigs  which  was  introduced  into  the  market 
as  spicewood  oil  by  Fritzsche  Bros,  in  1885,  has  the  odor  of  winter- 
green,  sp.  gr.  0.923  and  boils  between  170—300°.  It  consists  of  hydro- 
carbons and  9—10  p.  c.  of  methyl  salicylate.  By  treating  200  g.  of  oil 
with  caustic  soda,  16  g.  of  salicylic  acid  were  obtained. 

2.  The  berries  contain  4 — 5  p.  c.  of  an  aromatic,  spicy  oil  with  a 
camphor-like  odor;  b.  p.  160—270°;  sp.  gr.  0.850— 0.855. 

3.  The  leaves  contain  about  0.3  p.  c.  of  oil  with  a  very  agreeable 
odor.    8p.  gr.  0.888. 

154.    Tetranthera  Oil. 

The  fruits  of  Tetranthera  citrata  Neea  (Family  Lauraeeae),  some- 
times called  citronella  fruits,  are  regarded  as  a  panacea  in  India,  Upon 
distillation  they  yield  about  5.5  p.  c  of  an  oil  which  has  a  strong  odor 
resembling  that  of  verbena  oil  and  for  this  reason  has  been  designated 
Japanese  verbena  oil.  Sp.  gr.  0.890—0.896.  It  boils  between  180—240°, 
and  contains  in  addition  to  a  terpene,  citral  as  principal  constituent.2 

155.  Oil  of  Massoy  Bark. 
The  botanical  origin  of  the  New  Guinea  bark,  from  which  Schimmel 
&  Co.  have  since  1888  distilled  their  massoy  bark  oil,  is  not  known. 
Upon  comparison  of  this  bark  with  that  of  the  genuine  bark  from 
Maasoia  aromaticu  Beccari,  Holmes8  (1888)  arrived  at  the  conclusion 
that  the  two  were  not  identical,  but  that  the  bark  of  Schimmel  &  Co. 
was  very  similar  to  the  Cortex  cnliiabani  papaanva  of  Hanbury's  col- 
lection, the  botanical  origin  of  which  is  also  unknown.  Wender*  (1891), 
on  the  other  hand  is  of  a  different  opinion.  He  states  that  according  to 
its  anatomical  structure,  the  massoy  bark  of  Schimmel  &  Co.  is  un- 
questionally  that  of  a  lauraceae,  and  that  in  other  respects  it  corresponds 
best    with    the    bark    of   Saaaafraa  goeaianum    or   Moaaoia   aromaticu. 

i)  Berlcbt  von  S.  &  Co..  Ocr.  1880,  p.  27;  Oft,  1890,  p.  49. 

»)  Bericht  voq  S.  *  Co..  Oct.  1888,  p.  44.  The  up.  kt.  0.98O  mentioned  In  the 
report  to  evidently  doe  to  a  printer's  error  and  should  be  0.881).  Two  later  tlistlllniPH 
had  the  sp.  gr.  0.894  and  0.896  reepecUvply. 

•)  Pharm.  Jonrn.,  III.  19,  pp.  463  and  761. 

*>  ZeJtachr.  d.  allgem,  Oaterr.  Apoth.  Ver.,  29,  p.  2. 
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The  massoy  bark  from  German  Guinea  yields  upon  distillation  G.5 — 8  p.  c. 
of  a  volatile  oil  of  a  pleasant  clove-  and  nutmeg-like  odor.  Sp.  gr. 
1.04—1.06. 

Composition.  According  to  Schimmel  &,  Co.1  the  oil  consists  princi- 
pally of  eugenol  (75  p.  c.)  and  aafrol.  In  addition  to  these  substances 
Woy2  isolated  a  fraction  boiling  at  172°  in  which  be  supposed  he  had 
found  a  new  terpene,  "massoyene."  Wallach8  (1890),  however,  showed 
that  it  consisted  of  a  mixture  of  three  terpenes:  pinene  (nitrolbenzyl- 
amine,  m.  p.  123°  and  nitrosopinene,  m.  p.  133°),  limonene  (nitrol- 
benzylamine,  m.  p.  9S°),  and  dipentene  (tetrabromide,  m.  p.  123°). 

156.    Oil  of  Garden  Cress. 

In  1846  Pless*  demonstrated  that  the  oils  of  Lepidium  ruderole  L.. 
L.  sativum  L.,  and  L.  c&mpestre  R.  Br.  are  heavier  than  water  and 
contain  sulphur.  He  states  that  the  oil  is  ready  formed  in  the  herb 
but  not  in  the  seeds,  where  it  results  through  the  action  of  the  water. 

The  composition  of  the  oil  from  garden  cress,  L,  sativum  L.  was 
ascertained  by  HofmannB  in  1874.  The  herb  was  collected  immediately 
after  flowering  and  distilled  in  wooden  vats0  with  water  vapor.  The 
oil  being  completely  dissolved  in  the  aqueous  distillate  was  extracted 
by  shaking  with  benzene.  The  yield  was  0.115  p.  c.  The  crude  oil  was 
of  a  light  yellow  color  but  became  colorless  upon  rectification.  Three- 
fourths  of  the  oil  boiled  at  281.ii°,  the  boiling  point  of  benzyl  cyanide, 
CeHa.CHa.CN.  The  identity  of  this  substance  was  established  by  its 
conversion  into  phenyl  acetic  acid  melting  at  77°,  and  by  the  analysis 
of  the  silver  salt  of  this  acid,  The  lower  fractions  contained  a  small 
amount  of  sulphurated  compounds,  the  composition  of  which  was  not 
determined.  Gadamer7  has  recently  investigated  this  oil  and  found  it  to 
be  identical  in  composition  with  the  oil  from  Troepoelum  mujus.  It  con- 
sists principally  of  benzyl  isocyanate,  CoHs-CHa.NrCH,  and  small  amounts 
of  benzyl  cyanide.  The  oil  is  formed  by  the  action  of  a  ferment  on  the 
glucoside  glucotropaeolin,  KO.SOa.O.C(:N.CHa.CoHa).S.C«Hii06+2Hj(l. 

The  fresh  herb  of  Lepidium  hitifolium  L.  yields  upon  distillation  an 
oil  which  is  heavier  than  water  and  contains  sulphur.    (Steudel8). 


1)  Berlcht  von  S.  ft  Co..  Oct.  1SHS,  p.  42. 

cupper  vessels-  In  to  be  avoided.  lor  the 

1)  Archly  d.  Pharm.,  228,  pp.22  and  687. 

copper  will  cause  partial  decoropnsttloii 

>)  Urtrt|t>  Annalen,  238.  p.  840:  Arrhlv 

of    the  oil!    with    formation    ot   copper 

'hnrm..  32«,  p.  116. 

sulphide. 

•)  Uebljf»  AiMuilt-n,  38,  p.  89. 

i)    Berichte,  82,  p.  3826:   Arc  hi  v  d. 

>)  BerlcntP,  7.  p.  121*8. 

Pharm.,  287,  p.  .108. 

•)  During    the   <1  In tl Nation     of  -this    and 

■>  Dtancrt.  de  Acredlne  nonnnll.  Ve*e- 

T    sulphnr-con  In  Initio;    oil*,     the     use     nf 

tabfl.     TOblnjren  1SOB. 
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1S7.    Oil  of  Thlaspi  Arvense. 

According  to  Pleas1  (1846)  this  oil  is  obtained  by  first  macerating 
the  herb  or  seed  with  water  and  then  distilling.  It  is  colorless,  possesses 
a  peculiar  penetrating  odor  and  leek-like  taste,  reminding  alike  of 
garlic  and  mnstard. 

If  the  oil  is  saturated  with  ammonia  and  the  product  distilled  with 
water,  there  remains  a  residue  of  thiosinamine  (m.  p.  72°),  thus  indi- 
cating the  presence  of  ally!  sulphocyanate.  This  distillate  yielded  with 
platinum  chloride  the  same  addition  product  obtained  by  Wertheim3 
(1844)  from  garlic  oil.  Pleas,  therefore,  regarded  it  as  allyl  sulphide. 
Semmler8  (1892J,  however,  has  shown  that  Wertheim's  conclusions 
are  erroneous,  that  oil  of  garlic  contains  a  group  of  different  sulphides, 
but  does  not  contain  allyl  sulphide.  The  presence  of  allyl  sulphide  in 
the  oil  of  Thlaspi  arvense  L.  is,  therefore,  highly  improbable. 

1S8.    Oil  of  Spoonwoit. 
Oleum  CochlenrWw.  —  Lofielkrmiitol. — Essence  de  Cochlearla. 

Origin  and  History.  Spoonwoit,  Gochte&ria.  officinalis  L.  grows 
wild  in  the  neighborhood  of  the  coast-line  of  the  northern  continents 
and  in  several  mountain  ranges  of  the  central  European  Alps.  It  is 
also  largely  cultivated.  L'pon  distillation  the  plant  yields  an  oil  pos- 
sessing a  faint  mustard  odor. 

During  the  middle  ages  spoonwort  was  regarded  as  a  remedy  against 
scurvy.  The  distilled  oil  of  spoonwort  seems  to  have  been  known  and 
to  have  been  used  medicinally  since  the  middle  of  the  sixteenth  century. 
This  use,  however,  does  not  appear  to  have  been  general,  for  the  oil  is 
not  mentioned  in  any  edition  of  the  Dispensutorium  Noricum,  neither 
in  the  Pharmacopoea  Augustana  nor  in  Schroeder's  Pharmacopoea 
medicoehynn'ca  of  Frankfurt-on-the-Main.  It  occurs,  however,  in  the 
municipal  ordinance  of  Frankfurt  of  1587.  Later  it  occurs  also  in 
inventories  of  apothecary  shops  of  Braunschweig  and  Dresden  of  1640 
and  1683  respectively.  At  the  beginning  of  the  eighteenth  <rentury  it 
was  distilled  by  Hoffmann  in  Halle  and  described  by  him. 

Preparation.  According  to  Gadamer4  (1898),  the  dried  herb,  which 
need  not  be  in  blossom,  is  macerated  with  water  to  which  powdered 
white  mustard  has  been  added  and  then  distilled.  The  yield  is  about 
0.23  p.  c.  or  more. 

1)  Ueblfc'n  Annalen,  08,  p.  86.  *)  Apotheker  Zettung.  18,  p.  679;   Arch. 

»)   Lit'ljIg'H  Anualen,  51,  p.  2tt8.  il.  Fharm.,  287,  JJ.  92- 

»)  Archtr  d.  Pburm.,  280.  p.  484. 
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Pbopertteb.  Spoonwort  oil  in  optically  active;  Gad  timer  observed 
the  angle  «d  =  +  55.27°.  Upon  distillation  of  42.8  g.  the  following 
fractions  were  obtained:  150— 154°,  6.3  g. ;  154 — 156°,  12.2  g. ; 
156-158°,  10.0  g.;  158—162°,  12.0  g.;  residue  2  g.  The  sp.  gr.  of 
these  fractions  varied  from  0.941  to  0.043;  the  angle  of  rotation  from 
+  51.41°  to  +62.87°. 

Composition.  Simon1  (1840)  gives  the  boiling  point  of  the  oil 
at  156—159°.  He  found  that  it  contains  sulphur  and  yields  a  thiosiu- 
iimine-like  derivative  with  ammonia.  Gieseler2  regarded  the  oil  as  being 
free  from  nitrogen  but  containing  oxygen  and  pronounced  it  an  oxy- 
sulphide  of  allyl.  Hofmann8  (1869)  showed  the  oil  to  have  the  com- 
position of  secondary  butyl  iaosulphocyanate.  From  the  braised  fresh 
herb*  mixed  with  water  he  obtained  0.034  p.  c.  of  an  oil  distilling 
between  158 — 165°.  After  repeated  fractionation,  fraction  161 — 163° 
upon  analysis  yielded  results  corresponding  with  those  for  butyl  mustard 
oil.  Comparison  with  synthetic  secondary  butyl  isosulphocyanate. 
CH8CHa.(CH8).CH.N:C:8,  revealed  the  identity  of  the  two.  It  is  a 
colorless  liquid,  sp.  gr.  0.944  at  12°,  b.  p.  159.5°,  and  possesses  the 
characteristic  odor  of  the  oil  of  spoonwort.  When  heated  with  ammonia 
to  100°  it  yields  a  thio-urea5  which  melts  at  133°  and  is  optically 
active. 

According  to  Moreigne,8  spoonwort  oil  contains  raphanol.  Inas- 
much as  tlie  commercial,  so-called  artificial  spoonwort  oil  is  not 
secondary  but  isobutyl  mustard  oil  it  should  not  be  substituted  for  the 
natural  product  in  medicinal  preparations. 

159.    Oil  from  Horse  Radish. 

The  investigations  of  Gadamer7  have  rendered  it  highly  probable 
that  the  formation  of  the  oil  of  the  root  of  Cochlearia  armoracia  L., 
to  which  the  pungent  taste  of  horse  radish  is  due,  is  caused  by  the 
presence  of  sinigrin.  When  the  juicy  root  is  grated,  the  glucoside  is 
broken  up  by  a  ferment  present  with  the  formation  of  mustard  oil. 
When  distilled  in  glass  vessels,  the  root  yields  about  0.05  p.  c.  of  oil. 

The  crude  oil  is  light  yellow  in  color  and  has  the  consistency  of 
;  the  rectified  oil  is  colorless.    Sp.  gr.  1.01.    The  odor  is 


■  ).  Pojorend.  Annalen,  SO.  p.  877-  an  oil   upon  diminution  only  when  * 

'}  D?  Cocblearla  officinal]  e]uw|ue  oleo  mnatard  meal  baa  been  added, 
dlwwrtatlo.    ffarol.  1857.  »)  Oadamer.  lor.  clt. 

*)  Borlchte,  2,  p.  102;   7,  p.  ".OS.  «)  Hee  under  radish  oil,  p.  417. 

*)  According;  to  Simon,  dry  herb  yield*  ')  Archly  d.  Pharm.,  280.  p.  577. 
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penetrating,  causes  tears  to  flow  and  cannot  be  distinguished  from  that 
of  mustard  oil.  Like  the  latter,,  the  oil  of  horse  radish  causes  burning 
and  blistering  when  brought  in  contact  with  the  skin. 

Oil  of  horse  radish  contains  sulphur.  Based  on  the  results  of 
elementary  analyses  as  well  as  the  formation  of  thiosinamine,  Hubatka1 
(1843)  concluded  that  the  oil  has  the  same  composition  as  mustard  oil. 
The  statements  of  Hubatka  have  later  been  verified  by  Saiii.2  When 
kept  in  contact  with  water  in  a  closed  vessel  for  years,  the  oil  dis- 
appeared and  in  its  place  acicular  crystals  were  formed  that  had  a 
silvery  lustre  and  the  odor  first  of  horse  radish,  then  of  peppermint 
and  finally  of  camphor  (Einhof,8  1807). 

160.    Oil  of  Hedge  Garlic. 

From  the  roots  of  Alliaria  officinalis  Andr.  (Sisymbrium  alliiu-m 
Scop.,  Qer.  Laacbbederich),  Wertheim*  (1844)  obtained  upon  distillation 
0.0-13  p.  C.  of  an  oil  that  could  not  be  distinguished  from  mustard  oil 
and  which  yielded  thiosinamine  melting  at  74°.  Judging  from  the  odor 
the  herb  contains  the  same  constituents  as  garlic  oil.  According  to 
PlessB  (1846),  the  oil  of  the  seeds  consists  of  about  B,io  mustard  oil 
and  Wo  garlic  oil. 

161.    Oil  of  Mustard. 
Oleum  SIiihuIb.  — Renfol.  —  Essence  de  Moiitarde. 

Obioin  and  History.  As  black  mustard  are  designated  the  seeds  of 
several  mustard  plants  belonging  to  the  Cruciferae,  viz.  Brassicu  nigra. 
Koch  (Sinapis  nigra  L. )  and  B.juncea  Hooker  fll.  et  Thompson  (S.juneea 
L.).  B.  nigra  belongs  to  the  European- Asiatic  flora  and  is  culti- 
vated in  most  civilized  countries,  especially  in  those  of  central  Europe; 
whereas  B.  junnea  is  cultivated  on  a  larger  wale  in  southern  Russia, 
India  and  North  America.  The  largest  amount  of  seeds  are  used  in  the 
manufacture  of  table  mustard,  less  for  medicinal  purposes  and  for  the 
distillation  of  mustard  oil. 

The  first  statement  which  indicates  a  knowledge  of  the  fact  that 
mustard  oil  can  be  obtained  by  distillation  with  water,  is  found  in  the 
writings  of  Porta;  another  in  the  writings  of  the  Parisian  apothecary 
Sic.  le  Febvre.  Boerhaave,  however,  seems  to  have  been  the  first  to 
prepare  the  volatile  mustard  oil  in  1732  and  to  have  called  attention 

»)  IJeblK'x  Annalen,  47,  p.  15S.  ■>  .Nuien  Berllnlschen  Jahrbuch.  3,  |>.B6(S. 

•1  Aecad.   Line,  1892:    Abstr    Berlcht  *>  Ueblg'*  Annalen,  52.  p.  52. 

vnn  M.  &  Co.,  Apr.  1884,  p.  SO.  >)  Llehlff*  Annalen,  68,  p.  SS. 
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to  itt>  properties.  That  it  contains  sulphur  was  observed  by  Thibierge 
of  Paris  in  1819.  Boerhaave  and  Murray  observed  the  great  density 
of  the  oil ;  Jul.  Fontenelle  determined  the  specific  gravity  in  1824. 

Undoubtedly  those  who  prepared  mustard  oil  knew  that  the  volatile 
oil  does  not  preexist  in  the  seed  but  is  produced  by  the  action  of  water. 
Yet  the  first  to  call  attention  to  this  fact  were  Glaser '  in  1 825,  Boutron 
and  Robiquet8  in  1831,  and  independently  of  these  Faure8  as  well  as 
Guibourt,*  both  in  1831.  Shortly  after  (1833),  Dumas  and  Pelouze5 
made  the  first  elementary  analysis  of  the  oil  and  discovered  the  thio- 
sinamine,  which  mustard  oil  forms  with  ammonia.  That  mustard  oil  is 
produced  by  the  action  of  a  ferment  was  noticed  by  Boutron  and 
Fremy8  (1841)).  They  isolated  myrosin  by  extracting  the  seed  with 
alcohol  and  obtained  mustard  oil  by  allowing  this  substance  to  act  on 
the  aqueous  extract  of  the  seed  which  had  previously  been  extracted 
with  alcohol.  Sinigrin  or  myronate  of  potassium,  was  first  prepared 
by  Bussy7  (1840).  He  termed  the  underlying  acid  acide  myronique 
and  with  Robiquet8  determined  its  physical  constants  and  its  behavior 
toward  reagents.  The  knowledge  of  the  chemical  composition  of  the 
oil  was  advanced  by  Will"  (1844)  and  simultaneously  by  Wertheun10 
who  regarded  the  mustard  oil  as  allyl  sulphocyanate.  Ludwig  and 
Langs ll  in  I860  confirmed  the  existence  of  sinigrin  and  its  decom- 
position by  ferment  action  into  mustard  oil,  sugar  and  potassium  acid 
sulphate.  This  reaction  was  made  more  clear  by  the  detailed  studies 
of  Will  and  Koerner11!  (1863).  Artificial  mustard  oil  had  been  prepared 
by  the  action  of  allyl  iodide  on  potassium  sulphocyanate  by  Zinin18  in 
1855  and  by  Berthelot  and  de  Luca'*  also  in  1855.  The  natural  oil 
was  therefore  regarded  as  an  ester  of  thiocyanic  acid.  Oeser,18  however, 
showed  in  1865  that  allyl  thiocyanate  and  natural  mustard  oil  possess 
different  properties. 

The  true  constitution  of  mustard  oil  as  the  ester  of  the  isothiocyanic 
acid  was  recognized  by  Billeter10  and  Gerlich17  in  1875.    They  showed 

i)  Itepert.  (.  d.  Pharm.,  I,  22.  p.  102.  ">  Journ.  de  Pharni.,  II,  26.  p.  110. 

»)  Journ.   de   Pharm..  II.   17.  p.  294;  »>  I.leblB'B  Annalen.  52,  p.  1. 

.Gelger'x    Majrailu    I.   Pharm.    und    Eiptr.  "•}  IJebU>  Annalen,  52.  p.  54. 

Krltlk,  86,  pp.  04  nnd  07.  "I  Zeimcbr.   f.  Chemle  und  Pharm.,   8, 

»>  Jonrn.  de  Pharm.,  II,  17,  p.  299:  pp.  480.  577. 
21.  p.  404.  1»]  I.lebljr'B  Annalen.  125,  p.  257. 

*)  Journ.  de  Pharm.,  II,  17,  p.  800.  «)  Journ.  f.  prnkt.  Covin..  64,  p.  504; 

>i  Ann.  de  Chlm.  et   Phya.,  II,  B8.  p.  UeblK'H  Annalen,  96,  p.  12$. 
1H1:   I.leblg*  Annalen,  10,  p.  824.  >*J  Compt.  rend..  41.  p.  21. 

«)  Journ.   de   Pharm. ,  II,  26,    pp.   48  ")  Llehbr/a  Annalen.  184,  p.  7. 

and  112;   Lleb1*'s  Annalen,  84,  p.  280.  '«>  Berf 

')  Journ.    de    Pharm..   II.  26.  p,   86;  ")  nerl 

I.leble'H  Annalen,  84.  p.  228.  ITS,  p.  89. 
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that  by  the  interaction  of  allyl  iodide  and  potassium  sulpho- 
cyanate, allyl  sulphocyanate  is  first  formed  and  that  upon  heating  this 
is  converted  into  its  isomer,  the  allyl  isosulphocyanate.  As  an  expla- 
nation of  this  form  of  isomerism,  Hofmann  »  in  1868  had  suggested  that 
in  the  true  thiocyanates  the  carbon  is  directly  united  with  the  sulphur, 
but  in  the  iso  compounds  with  the  nitrogen. 

Inasmuch  as  the  possibility  was  not  excluded  that  by  the  ferment 
action  on  sinigrin  allyl  sulphocyanate  may  first  be  formed,  Schmidt* 
allowed  this  action  to  take  place  at  low  temperatare.  He  ascertained 
that  even  at  0°  allyl  isosulphocyanate  is  formed  and  only  traces  of  the 
normal  isomer.  The  last  uncertainty  in  connection  with  the  hydrolysis 
of  sinigrin  was  removed  by  Gadamer8  (1897).  He  showed  that  the 
formula  of  sinigrin  is  CioHmNSaKOe  and  not  CioHiaNSaKOio  as  was 
supposed  by  Will  and  Koerner,  also  that  the  hydrolysis  takes  place  by 
the  addition  of  the  elements  of  one  molecule  of  water. 

Preparation.  The  mustard  which  is  used  in  the  manufacture  of 
mustard  oil  is  obtained  either  from  Briissicn  nigra  K.  (Sinapis  nigra  L.) 
which  is  cultivated  in  Holland,  Apulia  or  the  levant,  or  more  frequently 
from  B.  janeea  Hook.  fll.  et  Thomson  (S.  jancen  L.),  a  species  which  is 
cultivated  on  a  large  scale  in  Karepta.  in  the  Russian  gouvernement 
Saratow,  also  in  Bast  India. 

Mustard  oil  is  not  contained  as  such  in  the  seeds,  but  is  formed  by 
ferment  action.  The  ground  mustard  seed  is  deprived  of  its  fatty  oil 
with  the  aid  of  hydraulic  presses.  The  press-cakeB  are  mixed  with  tepid 
water  and  allowed  to  undergo  fermentation,  and  then  distilled  with  water 
vapor.    The  yield  varies  between  0. it— 0.75  p.  c.  of  the  original  seed.* 


»)  Berlchte,  10,  p.  1ST. 

•)  Arehlv  <].  Pharm..  SHU.  p.  44. 

*)  For    the    quantitative   estimation    ol    mustard    oil    In    the  need,   th 

method   of 

Dleterlcb    lUellenberner  Annalen.   1808.   p.   882)   can   be  employed :   H  ft.  o 

the  bruised 

need  are.  allowed   to  ferment  (or  two   hours   at  a   temperature  ol  from  it 

—25°,  when 

lO  K-  of  alcohol  are  added.    The  flask  l»  connected  with  a  condenser,  the  t 

ube  of  which 

dips  Into    the    receiver    containing    80  cc.  of  ammonia.      The  distillation 

s  continued 

until    SO— HO  cc.  have   passed  over.      To    the  ammontaeal   liquid    an    exce 

an    of    silver 

nitrate  solution  Is  added,  the  precipitated  stiver  sulphide  Is  collected  on  a  11 

dried  and  heated   to  a  red  heat.      The   reduced   silver  Is  then    welched   an 

multiplied  hy  0.4938.     The  product  jrlves  the  amount  of  mustard  oil  In  0  g. 

Gadamer  (Arch.  d.  Pharm..  28S,  p.  SB)  has  modified  thepiocess  somen 

hat.    Before 

the  distillation  he  adds  a  definite  quantity  nl  N/10  silver  nitrate  V.  8.  known  to  be 
lu  excess  to  the  ammonia.  After  the  distillation,  the  distillate  Is  diluted  to  a  definite 
volume,  set  aside  for  12  hours  and  filtered  through  a  dry  filter  Into  a  dry  flask.  In  an 
aliquot  part  of  the  filtrate,  acidulated  with  nitric  acid,  the  excess  of  silver  Is  titrated 
back  with  potassium  sulphocyanate. 
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At  a  temperature  exceeding  70°  no  fermentation  takes  place,  because 
the  myrosin  is  coagulated  and  rendered  inactive. 

The  fermentation  is  brought  about  by  the  albuminoid  ferment, 
myrosin,  which  acts  on  the  sinigrin  in  the  presence  of  water  with  the 
formation  of  mustard  oil,  dextrose  and  potassium  acid  Bulphate. 


Beside  this  reaction  others  take  place  resulting  in  the  formation  of 
allyl  cyanide  and  carbon  disulphide,  which  are  never  entirely  wanting 
in  the  oil.  Contact  with  the  copper  of  the  still,  or  prolonged  contact 
with  water  cause  the  separation  of  sulphur  and  the  formation  of  allyl 
cyanide. 

CaHuNCS   +   Cu    =    CBHBCN     +     Cu8 

NtuUrdoll  Copper  Ally]  cyanide       Copiwr  lulphldF. 

When  the  distillation  has  been  conducted  in  a  careless  manner,  the 
amount  of  allyl  cyanide  can  be  so  large  that  the  oil  becomes  lighter 
than  water  (Will.*  1863).     (Sp.  gr.  of  allyl  cyanide  is  O.Haj  at  17.5°).- 

How  the  carbon  disulphide  always  found  in  the  oil  (in  the  artificial 
oil  as  well)  is  formed  has  not  yet  been  clearly  demonstrated.  It  has 
been  shown2  that  when  mustard  oil  is  boiled  with  water  for  an  hour  in 
a  flask  connected  with  a  reflux  condenser  no  carbon  disulphide  is  formed. 
This  substance,  however,  is  formed  in  appreciable  quantities  together 
with  carbon  dioxide  when  mustard  oil  is  heated  for  several  hours  with 
water  in  sealed  tubes  under  pressure  at  a  temperature  of  100—105".  It 
may  be  assumed  that  in  the  nascent  state  mustard  oil  has  a  greater 
capacity  for  reaction  and  that  in  this  condition  water  may  effect  its 
decomposition  in  a  manner  expressed  by  the  following  equation. 
2(;aHHNC8  +  2Ha0  = 

Carbon  disulphide  is  also  formed  by  prolonged  contact  of  water 
with  mustard  oil.  For  the  detection  of  this  substance  see  under 
Examination. 

As  to  the  time  requisite  to  complete  the  fermentation.  80  minutes 
are  required  for  the  hydrolysis  of  pure  sinigrin.' 

Inasmuch  as  the  potassium  acid  sulphate,  which  is  split  off  in  the 
course  of  the  reaction,  acts  on  the  mustard  oil  in  the  process  of  forma- 
tion, a  better  yield  can  be  obtained  by  neutralizing  with  alkali  (when 

■)  Gadmner,  loc.  cit. 
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pore  sinigrin  is  used).  An  excess  of  alkali  is  to  be  carefully  avoided, 
because  it  also  diminishes  the  yield.  Calcium  carbonate  has  also  been 
found  serviceable.  With  mustard  meal,  however,  it  is  quite  different. 
The  addition  of  calcium  carbonate  not  only  is  of  no  advantage,  but 
its  presence  acta  detrimentally.  The  cause  for  this  has  not  yet  been 
explained.  Possibly  the  base  sinapine,  which  is  contained  in  the  mustard 
enters  into  the  reaction  by  being;  liberated  by  the  ealeium  carbonate, 
forming  a  non-volatile  thiosin  a  mine-like  compound  with  the  mustard  oil.1 

Composition.  Besides  small  variable  amounts  of  allyl  cyanide  and 
carbon  disulphide,  mustard  oil  consists  almost  entirely  of  allyl  mustard 
oil  or  allyl  isothiocyanate,  CaHsNCS.  Possibly  traces  of  the  isomeric 
allyl  thiocyanate,  and  higher  boiling  (polymeric?)  unknown  compounds 
are  present. 

The  chemical  reactions  of  mustard  oil  are,  therefore,  largely  those  of 
allyl  isosulphocyauate  which  can  be  found  in  any  chemical  reference 
work.  Here  only  those  will  be  mentioned  that  are  necessary  to  under- 
stand the  tests. 

For  the  quantitative  determination  of  allyl  isosulphocyauate  in 
mustard  oil,  its  property  of  forming  a  solid,  non-volatile  compound  with 
ammonia  is  utilized.  0  to  mustard  oil  an  excess  of  ammonia  and 
alcohol  are  added,  the  odor  of  both  mustard  oil  and  ammonia  dis- 
appears, gradually  in  the  cold  but  more  rapidly  when  heated,  while 
crystals  of  thiosinamine  are  formed. 


/NH.CsHb 
=  C-NHa 


h  NHa  " 


Thiosinamine  or  allyl  thio  urea  crystallizes  in  rhombic  prisms  which 
melt  at  74°,  possess  a  faint  leek-like  odor  and  taste,  and  are  readily 
soluble  in  water,  alcohol  and  ether.  When  a  small  amount  of  mustard 
oil  is  mixed  with  twice  its  volume  of  concentrated  sulphuric  acid  a 
violent  reaction  sets  in  with  the  formation  of  carbon  oxysulphide,2 
sulphur  dioxide8  and  allylamine  sulphate.  The  last  remains  as  a 
faintly  colored  liquid  which  sometimes  solidifies  in  the  test  tube. 

Artificial  mustard  oil  is  obtained  by  the  interaction  of  allyl 
iodide  and  potassium  thiocyanate  in  alcoholic  solution.  Allyl  thio- 
cyanate is  first  formed  which  under  the  influence  of  heat  rearranges 
itself  to  the  isothiocyanate. 

i)  Gadttmor.  lot.  clt.  >>  AitHIv  d    Phann..  106.  p.  214. 
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Huaurd  oil  I'litHceliini  Iodide. 

Mustard  oil  also  results  by  the  dry  distillation  of  potassium  allyl 
sulphate  and  potassium  thiocyanate. 

CsHnKSO*       +       CNSK       =       CsHbNCS       +       Ks804 

Properties.  Mustard  oil  is  a  mobile,  colorless  or  yellowish,  strongly 
refractive  liquid,  which  is  optically  inactive  and  which  has  a  very  strong 
odor  causing  tears  to  flow.  When  brought  in  contact  with  the  skin  it 
draws  blisters.  The  specific  gravity  varies  in  accordance  with  the 
method  of  preparation  between  1.016  and  1.022  and  sometimes  rises 
up  to  1.030.  Mustard  oil  is  soluble  in  160 — 800  p.  of  water,  and  in 
10  p.  of  70  p.  c.  alcohol  With  90  p.  c.  alcohol,  with  ether,  amy! 
alcohol,  benzene  and  petroleum  ether  it  is  miscible  in  all  proportions. 
It  boils  principally  between  148—156°  (b.  p.  of  pure  allyl  isothiocyanate 
is  150.7°).  Exposed  to  light,  mustard  oil  gradually  becomes  of  a 
reddish-brown  color.  At  the  same  time  a  film,  consisting  of  a  sub- 
stance composed  of  carbon,  nitrogen,  hydrogen  and  sulphur,  is  deposited 
on  the  inner  wall  of  the  bottle. 

Examination.  The  German  Pharmacopeia  contains  a  series  of  tests, 
that  have  been  taken  almost  unchanged  from  the  U.  S.  Pharmacopoeia 
of  1800,  which  generally  suffice  for  the  characterization  of  a  good 
mustard  oil. 

1.  The  sp.  gr.  is  to  be  1.018—1.029  according  to  the  U.  S.  P., 
1.016—1.022  according  to  the  Ph.  Ger.  A  slight  variation  either  way, 
however,  is  not  sufficient  indication  of  adulteration,  for  the  reasons 
mentioned  under  Preparation. 

2.  The  requirement  of  both  pharmacopoeias  that  the  boiling  point 
is  to  lie  between  148—150°  cannot  be  construed  literally  inasmuch  as 
allyl  isothiocyanate  boils  at  150.7°  (mercury  in  vapor).  Furthermore, 
a  slight  decomposition  invariably  takes  place  during  the  distillation, 
so  that  some  of  the  oil  distills  above  152°.  Inasmuch  as  allyl  cyanide 
is  always  present,  the  first  fractions  cannot  have  the  same  specific 
gravity  as  the  original  oil.  Large  differences  in  this  respect  will  be 
accompanied  by  a  lowering  of  the  boiling  point,  of  the  first  fractions 
and  should  not  be  tolerated. 

3.  Sulphuric  acid  test.  If  to  3  g.  of  the  oil  6  g.  of  sulphuric  acid 
l<e  gradually  added,  the  liquid  being  kept  cool,  the  mixture,  upon 
Hubsequent  agitation,  will  evolve  sulphur  dioxide,  but  will  remain  of  a 
light  yellow  color,  and  at  first  perfectly  clear,  becoming  ufterwards  thick 
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and  occasionally  crystalline,  while  the  pungent  odor  of  the  oil  will 
disappear.  In  the  presence  ol  petroleum,  petroleum  ether,  chloroform 
or  undue  amounts  of  carbon  disulphide,  the  mixture  of  mustard  oil  and 
sulphuric  acid  is  rendered  turbid  and  upon  standing  forms  two  layers. 
Other  volatile  oils  would  be  rendered  dark  in  color  by  the  sulphuric 
acid. 

4.  Ferric  chloride  test.  Diluted  with  5  p.  of  alcohol,  mustnrd  oil  is 
not  changed  by  ferric  chloride.  Adulteration  with  oil  of  cloves  would 
be  recognized  by  the  production  of  a  bluish-green  color. 

5,  The  thiosinamine  teBt  according  to  the  U.  S.  P.  is  to  be  made 
as  follows: 

"If  a  mixture  of  S  g.  of  the  oil  and  8  g.  of  alcohol  be  shaken  in  a  small 
flank  with  6  g.  of  ammonia  water,  it  will  become  clear  after  standing  for  some 
hours,  or  rapidly  when  warmed  to  50°  0.  (122°  F.)  and  usually  deposit  with- 
out becoming  colored,  crystals  oF  thioBinamino  [all.vl-thio-urea,  CS.NjHa(CsHa)]. 

"To  determine  the  proportion  of  thiosinamine  obtainable  from  the  oil,  de- 
cant the  mother-water  from  the  crystals,  and  evaporate  it  gradually  in  a  tared 
ca]Mule,  on  a  water-bath,  adding  fresh  portions  only  after  the  amiuoniacal  odor 
of  each  preceding  portion  has  disappeared.  Then  add  the  crystals  from  the 
flask  to  those  in  the  capsnle,  rinsing  them  out  of  the  flask  with  a  little  alcohol, 
and  heat  the  capsnle  ou  a  waterbath  nutil  its  weight  remains  constant.  The 
amount  of  thiosinamine  thus  obtained  from  8  g.  of  the  oil  should  be  not  less 
than  3.25  g.,  nor  more  than  3.5  g.  After  cooling,  thiosinamine  forms  a 
brownish,  crystalline  mass,  fusing  at  70°  C.  (158°  F.)  and  having  a  leek-like, 
but  no  pungent,  odor.  The  mass  should  be  soluble  in  2  parts  of  warn]  water, 
forming  a  solution  which  should  not  redden  blue  litmus  paper,  and  which 
possesses  a  somewhat  bitter,  not  persistent  taste." 

Attention  should  be  called  to  the  fact  that,  by  following  this  test, 
carbon  disulphide  is  included  in  this  estimation  since  it  also  unites  with 
ammonia  according  to  the  following  equation : 

ySs       +       4XHa       =        NH4SCS        +        (NH*)2S 

Carbon  tlLaulphldr  Arumonla  Ammonium  auliibwyaual?    Ammonium  sulpblde. 

Inasmuch  as  the  products  of  the  reaction  remain  behind  upon 
evaporation,  the  residue  may  weigh  more  than  3.5  g.  If  this  is  the 
case  and  especially  if  the  residue  has  the  odor  of  ammonium  sulphide 
an  unwarranted  amount  of  carbon  disulphide  was  probably  present. 

Kremel1  (1888)  has  suggested  the  use  of  ammonia  of  definite 
strength  and  to  determine  the  excess  with  N/2  acid.  As  yet  no  practical 
test  of  this  method  seems  to  have  been  made. 

According  to  Gadamer  s  (1890)  mustard  oil  can  be  assayed  titrimetri- 
cally  according  to  a  method  that  is  also  applicable  to  spirit  of  mustard. 

i)  Pharm.  Pout,  31,  p.  828.  *)  Archly  d.  Pharm.,  287,  pp.  110,  872. 


byGoogle 


416  Special  Part. 

A  aolutiou  of  2  p.  of  mustard  oil  in  98  p.  of  alcohol  (Spiritus ninnp'iB  Ph.  G.I 
is  first  prepared.  5  cc.  ot  this  spirit  1.4.2  g.)  are  transferred  to  a  50  ce. 
measuring  flask,  and  25  cc.  of  N/10  silver  nitrate  V.  S.  and  5  cc.  ammonia  are 
added.  The  flask  is  well  stoppered  and  set  asida  for  24  hours.  The  liquid  is 
then  dilated  to  the  50  cc.  mark  and  filtered.  25  cc.  of  the  filtrate,  after  the 
addition  of  4  cc.  of  nitric  acid  and  a  few  drops  of  ferric  chloride  T.  8.,  should  not 
require  more  than  4.5  cc.  and  not  less  than  4.1  cc.  of  N/10  ammonium  aulpho- 
Cjanate  to  produce  a  permanent  red  color.  These  numbers — 4.1  and  4.5 — 
correspond  to  the  requirements  of  the  Ph.  G.,  viz.  a  content  of  92. G  to  nearly 
100  p.  c.  of  allyl  mustard  oil. 

Grtitzner1  converts  the  allyl  isothiocyanate  into  thiosinamine  and 
oxidizes  this  with  sodium  peroxide.  The  resulting  sulphuric  acid  is 
estimated  as  barium  sulphate,  either  gravi metrically  or  volumetrieally. 

Determination  op  Carbon  Disulphide  in  Mustard  Oil.  For  the 
detection  of  not  too  small  amounts  of  carbon  disulphide,  i.  «.,  in  case 
of  adulteration,  it  can  be  converted  into  copper  ethyl  xanthate*  and 
determined  quantitatively. 

20—25  g.  of  mustard  oil  are  heated  on  a  water  bath  while  a  slow  current 
of  air  is  passed  through  the  oil.  The  vapors  of  carbon  disulphide  are  thus 
carried  over,  cooled  by  passing  through  a  condenser  and  conducted  into 
alcoholic  potassa  where  they  are  converted  into  potassium  ethyl  xanthate. 
After  the  alkaline  solution  has  been  neutralized  N/10  copper  sulphate  V.  S.  is 
added  until  a  drop  produces  a  reddish-brown  color  with  potassium  ferro- 
cyanide,  i.  e.,  until  a  slight  excess  of  copper  sulphate  has  been  added  and  all 
potassium  ethyl  xanthate  has  been  converted  into  the  cuprous  salt.  From 
the  amount  of  the  consumed  copper  eolation  (1  cc.  corresponds  to  0.0152  g.  of 
carbon  disulphide)  the  percentage  of  carbon  disulphide  present  can  be  ascer- 
tained. This  volumetric  process  can  be  supplemented  by  a  gravimetric  one. 
The  precipitate  of  cuprous  ethyl  xanthate  can  be  collected  on  a  filter,  washed, 
dried  and  heated  to  a  red  heat  in  a  crucible,  and  the  residue  of  capric  oxide 
weighed,    1  g.  of  the  oxide  corresponds  to   1.918  g.  of  carbon  disulphide. 

For  the  quantitative  estimation  of  traces  of  carbon  disulphide  which 
occur  in  every  mustard  oil,  the  method  of  Hofmann8  can  be  used 
according  to  which  it  can  be  converted  into  a  compound  with  triethyl 
phosphine,  P(CaHa)8  +  C8a,  and  weighed. 

162.    Oil  of  White  Mustard. 

Sinalbin  is  the  glucoside  from  the  white  mustard  (Sinapis  alba  L.) 
corresponding  to  the  sinigrin  from  the  black  mustard.  Robiquet  and 
Boutron-Charlard  *  (1831)  first  extracted  it  with  boiling  alcohol  from 
the  seed  deprived  of  its  fatty  oil.    Its  properties,  including  its  hydrolysis 
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by  myroein,  were  examined  by  Will  and  Laubeuheimer  •  (1879)  and 
recently  by  Gadamer2  (1897).  The  identity  ol  the  white  mustard 
oil  with  para  hydroxy  benzyl  isothiocyanate  was  established  by 
Salkowski»  (1889). 

Sinalbin  mustard  oil,  CeHi.OHW.CHaNCSM,  is  but  sparingly 
volatile  with  water  vapor  and  for  this  reason  cannot  be  prepared  from 
white  mustard  by  distillation.  It  is  an  oily  liquid  of  a  burning  taste, 
which  draws  blisters  when  in  contact  with  the  skin  but  much  slower 
than  allyl  mustard  oil.  The  pungent  mustard  oil  odor  is  noticeable 
only  when  heated ;  when  cold  it  possesses  only  a  faint  anise-like  odor. 
It  is  soluble  in  dilute  alkalies.  It  is  prepared  by  the  hydrolysis  of 
sinalbin,  dextrose  and  sinapine  sulphate  resulting  as  by-products. 
CboH^sNsSsOib  +  Hs0  = 

Artificially  it  is  prepared  by  the  action  of  carbon  disulphide  on 
p-hydroxy  benzyl  amine  and  by  treating  the  resulting  product  with 
mercuric  chloride. 

163.    Oil  of  Water-cress. 

The  oil  of  Nasturtium  officinale  L.  was  examined  by  Hofmann*  in 
1874,  who  extracted  the  aqueous  distillate  (600  k.)  from  600  k.  of  fresh 
herb  with  petroleum  ether.  Upon  evaporation  of  the  ether  he  obtained 
40  g-  (=0.0066  p.  c.)  of  oil.  The  oil  no  longer  had  the  odor  of  water- 
cress, sp.  gr.  1.0014  at  18°  and  distilled  between  120  and  280".  The 
principal  fraction  came  over  at  261°  and  was  shown  to  be  the  nitrite 
of  phenyl  propionic  acid,  CflH6.CH3.CH2.CN.  Moreigne  found  raphanol8 
in  the  oil. 

164.    Oil  of  Radish. 

The  roots  and  seeds  of  Raphanua  aativaa  L.,  (Family  Crucifer&e) 
yield  upon  distillation  with  water  vapor  a  small  amount  of  a  colorless, 
sulphuraceous  oil,  heavier  than  water,  which  possesses  the  taste  but 
not  the  odor  of  the  radish. tt 

Upon  the  distillation  of  the  roots  of  Raph&nutt  niger,  Moreigne7 
obtained  besides  a  small  amount  of  oil,  0.0025  p.  c.  of  a  substance 
which  crystallized  in  laminae  melting  at  62°.     It  was  called  raphanol 

>)  LieblK'»  Anu&len,  199.  p.  ISO  <)  Plea,    Ueblft'*    Annslen,    08,    p.  40. 

')  IrcUv  d.'Pharm.,  380,  p.  8.8.  Camp,  also  Bertram  *  Walbaum.  Joarn.  I. 

>)  BeHebte,  33,  p.  3148.  prakt.  Chem.,  II,  00,  p.  0S0. 

*)  Berfchte,  7,  p.  030.  ')  Journ.  de  Kbann.  et  Chlm.,  VI,  4,  p. 

I)  See  under  radlih  oil.  10;  Ball.  Sot.  chlm.,  Ill,  10,  p.  707. 
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or,  because  it  possessed  the  properties  of  a  lactone,  raphanolid.  It  is 
free  from  nitrogen  and  sulphur,  elementary  analysis  and  molecular 
weight  determination  indicating  the  formula  CaeHnsO^1  When  boiled 
with  acetic  acid  anhydride,  it  yields  an  acetyl  derivative  melting  at 
122—123°.  The  liquid  portion  of  the  oil  was  found  to  contain  sulphur 
but  was  free  from  nitrogen  and  did  not  combine  with  ammonia. 

166.    Oil  from  Mignonette  Flowers. 

Upon  steam  distillation  of  the  fresh  flowers  of  Reseda  odor&ta  L. 
(Family  Reaedaceae)  an  oil  yield  of  but  0.002  p.  c.  is  obtained.  Remark- 
able is  the  strong  development  of  carbon  disulphtdes  during  the  process 
of  distillation.  The  oil  is  of  a  dark  color,  and  solid  at  ordinary  tem- 
perature, having  the  consistency  of  orris  oil.  When  greatly  diluted  it 
has  the  odor  of  fresh  mignonette.8 

In  order  to  obtain  the  oil  in  a  more  suitable  form  for  use  it  is 
distilled  with  geraniol  (1  k.  of  geraniol  to  500  k.  of  flowers),  the  product 
being  brought  into  the  market  us  "Reseda  Geraniol."* 

166.    Oil  from  Mignonette  Root. 

The  fresh  roots  yield  upon  distillation  with  water  vapor  0.014— 
0.03.J  p.  c.  of  oil.  It  is  a  light  brownish  liquid  which  has  the  odor  of 
radish,  sp.  gr.  1.010—1.084,  «D  =  +  1°30'.  It  begins  to  boil  at  255° 
with  decomposition.  Even  under  diminished  pressure  it  does  not  boil 
without  decomposition. 

The  oil  was  first  examined  by  Vollrath B  in  1871,  who  recognized 
its  character  as  that  of  a  mustard  oil.  His  surmise  that  it  was  identical 
with  allyl  mustard  oil  was,  however,  shown  to  be  erroneous  by  Bertram 
and  Walbaum*  (1804),  who  identified  it  as  phenyl  ethyl  mustard  oil, 
CeHsCHa.CHsNCS. 

The  odor  of  this  substance  is  that  of  the  mignonette  root  oil.  Upon 
heating  with  ammonia,  the  well  crystallizing  thiourea,  NH3.C8.- 
NHCaHiCaHri  is  formed,  which  melts  at  137°.  If  this  thiourea  is  treated 
with  silver  nitrate  and  baryta  water,  silver  sulphide  and  phenyl  ethyl 
urea,  crystallizing  in  long  needles  and  melting  at  111-^112°,  are  formed. 
If  phenyl  ethyl  mustard  oil  is  heated  with  concentrated  hydrochloric  acid 


i)  Rapbanol  has    also   beep    isolated    hy 

*')  I  bide  i 

,  Oct.  18»8,  p.  48. 

Morel(tne    from    the    tallowing    plant*:    the 

,  Oet.  IBM.  p.  08. 

radldh,   turnip,    water-creas.  sponnwort  and 

»)  Archtv 
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1.  prakt.  Chemle,  11,  60,  p.  855 

')  Berlcht  von  H.  *  Co.,  Oct.  1891.  p.  +0. 
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in  a  sealed  tube,  crystalline  laminae  of  phenyl  ethylamine  chlorhydrate 
melting  at  217°  are  obtained.  With  oxalic  acid  ethyl  ester,  phenyl 
ethyl  amine  combines  to  form  diphenyl  ethyl  oxamide  melting  at  186°. 
These  derivatives  were  prepared  by  Bertram  and  Walbaum  from 
the  oil  of  the  root  as  well  as  from  the  synthetic  phenyl  ethyl  mustard 
oil 1  obtained  by  the  action  of  phenyl  ethylamine  on  carbon  disulphide, 
and  were  found  to  be  identical. 

167.    Oil  of  Storax. 

Oleum  Stjraete.  -  StoraxiH.  — Essence  lie  Stjrax. 

Origin  and  Histoby.  The  storax,  Liquidambar  orientate  Miller 
(Family  Hamamelidaeeae)  is  a  tree  sometimes  as  high  as  30  m.  which 
resembles  the  plane  and  is  indigenous  to  southern  Asia  Minor.  The  tree 
sheds  its  bark  annually.  In  the  tissue  of  the  bark  it  secretes  a 
fragrant  balsam  which  hardens  on  exposure  to  the  air.  This  balsam  is 
obtained  by  boiling  the  bark  with  water  and  thus  prepared  constitutes 
the  Sty  rax  liquidus  of  commerce.  This  is  a  dirty  greyish  or  greenish, 
resinous  mass  of  peculiar  aromatic  odor  and  a  pungent,  spicy  taste. 

The  Sty  rax  cutamita,  the  present  solid  storax  of  the  market  is 
storax  balsam  mixed  with  sawdust  so  as  to  render  it  almost  dry. 
Storax  is  already  mentioned  among  the  aromatics  by  the  ancients, 
e.  g.  by  Herodotus,  Theophrastus  and  Dioscorides.  Mediaeval  literature 
mentions  storax  varieties  of  different  sources,  some  of  which  were  used 
medicinally  at  times. 

The  volatile  oil  from  the  storax  was  distilled  by  Ryff,  Gesner  and 
by  Porta  who  moistened  the  resin  with  alcohol.  Upon  distillation  with 
water,  storax  yields  0.5  p.  c.  of  volatile  oil,  when  distilled  with  super- 
heated steam  about  I  p.  e.  of  oil. 

Properties.  Oil  of  storax  is  a  light  yellow  to  dark  brown  liquid 
of  a  pleasant  odor.  The  specific  gravity  varies  from  0.89  to  1.1, 
according  as  the  hydrocarbons  or  the  cinnamic  esters  predominate. 
It  is  laevogyrate,  aD  =  — 3  to  —38°.  It  boils  between  150—300°  with 
partial  decomposition,  cinnamic  acid  remaining  behind. 

Composition.  The  peculiar  odor  of  the  oil,  reminding  somewhat  of 
petroleum,  is  due  to  the  presence  of  styrene,  C«Hb-CH:CH2,  or  phenyl- 
ethylene  (Simon,3  1839).  This  hydrocarbon  boils  at  14(1°,  is  optically 
inactive  and  can  be  identified  by  means  of  its  di bromide,  CaHCe-CHBr.- 
CHsBr.  (Comp.  p.  103).    According  to  van't  Hoff8  (187tJ),  the  optical 

■)  Berictat*.  19,  p.  1824.  »)  Berlchte,  »,  p.  0, 


»,  Google 


activity  of  the  oil  is  referable  to  an  oxygenated  constituent,  the  styro- 
camphene,  CuiHiaO  or  CioHisO.  The  oil  also  contains  more  or  less  of 
the  cinnamates  of  ethyl,1  benzyl,*  phenyl  propyl1  and  cinnamic  alcohols.1 

168.    Oil  from  American  Storax. 

Origin  and  History.  Ocoeotl,  an  aromatic  balsam  from  Mexico 
and  Central  America  is  one  of  the  drugs  from  the  new  world  which 
attracted  interest  in  Europe.  In  almost  all  of  its  properties  it  clearly 
resembled  the  Styrax  liqniduft,  the  s  tor  ax  coming  from  the  levant  and 
known  since  antiquity.  Its  origin,  like  that  of  the  levant  article  and 
especially  that  of  the  other  American  balsams  (Tolu,  Peru,  Copaiba  etc.) 
was  for  a  long  time  uncertain  and  created  much  confusion.  The  first 
description  of  American  Btorax  is  found  in  the  works  of  Monardes, 
Garcia  ab  Orto  and  Matthiolus,  who  lived  during  the  first  half  of  the 
sixteenth  century. 

Liquidambar  Btyraciffaam  L.  (Family  H&m&inelid&eeae)  is  a  tree 
found  in  the  middle  and  southern  United  States,  in  Mexico  and  Central 
America.  The  resinous  balsam  of  the  consistence  of  honey  exudes  from 
the  splintwood  beneath  the  bark  of  the  trunk  and  branches.  The 
excretion  is  either  spontaneous  or  may  be  caused  by  incisions,  but  occurs 
abundantly  only  in  hot  climates.  For  this  reason  it  enters  the  market 
principally  from  the  Central  American  countries.  According  to  the 
method  of  preparation,  the  balsam  varies  in  appearance  and  con- 
sistency. In  North  America  it  is  known  as  sweet  gum  and  is  used  as 
a  chewing  gum  and  in  the  preparation  of  popular  remedies.8 

The  first  examination  of  American  storax  was  made  by  Bonaatre4 
in  1830  and  1831.  Upon  distillation  of  an  apparently  fresh  balsam, 
he  obtained  7  p.  e.  of  oil.  Further  investigations  were  made  by  Proctor6 
in  1857  and  by  Harrison8  in  1874. 

Properties  and  Composition.  According  to  v.  Miller,7  the  oil  from 
American  storax  differs  from  that  of  the  levant  by  being  dextrogyrate 
(od  =  + 16°133'),  and  contains  styrene  (bromide,  m.  p.  73°)  and  an 
optically   active  substance   having  the   odor  of  turpentine   oil,  which 

i)  Urtilft'n  Aanalen,  188,  |i.  184. 
>)  Lleblff'B  Ann&len,  164,  p.  28B. 
I)  Pharm.  R1mdBchn.11,  IB,  p.  ST. 

*)  Jo  am.  da  Pharm.,  II,  IS,  p.  88;  II,  IT,  p.  888;  TrommgdortPi  Neaea  J  on™, 
d.  Pharm.,  31,  II,  p.  243.  and  24,  II,  p.  286. 

•)  Am.  Journ.  Pharm.,  29,  p.  261 ;  88,  p.  88,— Proe.  Am.  Pharm.  Assoc,  IB,  p.  160. 
«)  Am.  Jonrn.  Pharm.,  46,  p.  161;  Arch.  d.  Pharm.,  206,  p.  Ml. 
')  Archlv  d.  Pharm.,  220,  p,  048. 
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was  not  further  examined.  American  atorax  contains  the  cinnamatea 
of  cinnamyl  (styracin)  and  phenyl  propyl  alcohols,  but  not  of  ethyl 
and  benzyl  alcohols. 

The  leaves  of  the  American  storax  have  a  peculiar  terebinthinate 
odor.  Upon  distillation1  they  yielded  0.085  p.  c.  of  a  mobile  oil,  which 
was  greenish-yellow;  ep.  gr.  0.872;  «d  =  —  38° 45';  saponification 
number  5.9;  acetylization  number  25.2.  The  odor  of  the  oil  reminds 
of  the  pine  ueedle  oils.  It  probably  contains  borneo)  and  bornyl  acetate 
in  addition  to  terpenes. 

169.    Oil  from  Rasamala  Wood. 

Dpon  distillation  of  a  wood  coming  from  the  Dutch  East  Indies 
and  designated  Rasamala,  Schimmel  &  Co.s  obtained  0.17  p.  c.  of  a 
volatile  oil.  At  ordinary  temperature,  this  oil  is  a  light  brownish, 
crystalline  mass,  which  melts  between  30 — 40°  and  the  odor  of  which 
reminds  alike  of  cinnamon  and  rhubarb.  The  principal  constituent  of 
the  oil  is  a  crystalline  substance  which  melts  at  54 — 55°.  It  is  probably 
a  ketone,  since  it  combines  with  hydroxylamine  to  a  crystalline  compound 
melting  at  106 — 107°.    The  other  constituents  of  the  oil  are  liquid. 

According  to  a  communication  by  Dr.  van  Romburgh  of  Buitenzorg 
the  term  Rasamala  is  not  only  applied  to  the  genuine  but  rare  rasamala 
tree,  Altingia  excelsa  Nor.  (Liquidambar  altingia  Bl.,  Family  Hama 
melidaceae)  but  also  to  different  Indian  drugs,  namely  to  the  liquid 
storax  from  Liq.  orientate  (Getah  Rasamala)  as  well  as  to  other  fragrant 
balsams  and  to  the  fragrant  wood  from  Canarinm  microcarpum  Willd. 
(Kajn  Rasamala). 

Whether  the  oil  distilled  by  Schimmel  &  Co.  was  derived  from  any 
one  of  the  above  named  trees  is  uncertain.  Possibly  it  may  have  been 
the  so-called  aloe  or  eagle  wood  (Ger.  Aloeholz)  from  AquHIarm  agal- 
lor.ha  Roxb.  which  is  sold  in  the  Indian  markets  as  Kaju  lakka  and  the 
characteristic  rhubarb-like  odor8  of  which  corresponds  with  that  of  the 
wood  distilled  by  Schimmel  &  Co. 

170.    Oil  of  Spiraea. 

Oil  from  the  flowers.  In  1835  Pagenstecher*  obtained  upon 
distillation  of  the  flowers  of  Spiraea  ulmaria  L.  a  small  amount  of  oil 

')  Berteht  Ton  S.  *  Co.,  Apr.  1898.  p.  S8. 

>)  Bericht  von  S.  A  Co..  Apr.  1892,  p.  48. 

»')  Berlcbt  von  8.  4b  Co..  Apr.  1892,  p.  48.  According  to  a  recent  Investigation  by 
Prof.  MOller  (Pharm.  Post,  1898)  aloe  wood  la  odorless  and  develops*  a  peculiar  odor 
only  when  burnt. 

*}  Report,  f.  d.  Pilar  to.,  49,  p.  8S7. 
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h.'.avier  than  water  which  he  gave  to  Loewig1  for  examination. 
Dumas2  (1839),  to  whom  the  oil  was  shown,  recognized  its  similarity 
with  the  salicylic  aldehyde  obtained  from  salicin  by  Piria  shortly  before. 
Ettling8  (1839)  verified  Dumas'  surmise  by  showing  that  salicylic 
aldehyde  is  one  of  the  two  or  three  volatile  substances  of  which  the  oil 
is  composed.  Ettling  had  obtained  a  yield  of  0.2  p.  c.  of  oil  upon 
distillation  of  the  flowers.  According  to  Wieke*  (1852)  the  cultivated 
variety  produces  a  larger  yield  than  the  wild  plant.  The  oil  is  heavier 
than  water  and  congeals  completely  at  —18  to  —20°. 

The  investigations  of  Schneegans  and  Gerock0  (1892)  have  shown 
that  besides  salicylic  aldehyde  (formerly  known  as  spiroyl  hydride, 
spiraeir  acid,  salicyl  hydride,  spiroylic  '  or  spiric  acid)  the  oil  also 
contains  methyl  salicylate,  also  traces  of  heliotropin  (piperonal)  and 
vanillin.  Ettling  had  also  found  a  small  amount  of  white,  crystalline 
matter  of  a  pearly  lustre  (paraffin?)  and  an  oil  of  the  composition 
CoHb  (terpene  or  sesquiterpene?).  According  to  Schneegans  and  Gerock, 
the  flowers  do  not  contain  salicylic  aldehyde  as  such,  but  an  unknown 
substance  (not  salicin,  however,  as  supposed  by  Buchner*)  which  is 
decomposed  during  the  process  of  distillation  by  a  ferment.  In 
addition  to  methyl  salicylate,  the  flowers  contain  free  salicylic  acid. 

Oil  from  the  roots.  The  statement  of  Wicke,  that  the  roots 
of  Spiraea  ulmaria  L.  contain  salicylic  aldehyde,  is  incorrect.  According 
to  Nietzki7  (1875)  the  oil  consists  principally  of  methyl  salicylate  with 
traces  of  another  substance,  probably  a  hydrocarbon. 

Oil  from  the  herb.  In  the  distillate  from  the  herb,  Wicke  has 
shown  the  presence  of  salicylic  aldehyde. 

According  to  Wicke  the  herb  of  S.  dig;  tat  a,  S.  lobnta,  S.  tilipendula, 
and  the  flowers  of  S.  aruiieus  yield  salicylic  aldehyde  upon  distillation. 
The  herb  of  S.  aruncun,  the  leaves  of  S.  japonic*,  the  herb  and  flowers 
of  S.  sorbi folia  yield  hydrocyanic  acid  but  no  salicylic  aldehyde. 
Neither  aldehyde  nor  acid  were  found  in  the  oil  from  S.  laevigata,, 
S.  acntifolia,  S.  ulmifolia,  and  S.  opulifolia. 


i}  Poggend.  Ann.,  80.  p.  888;  Pharro.  Centnubl.,  1880.  p.  129. 
»)  I-ieblg's  Anna.1en,  29,  p.  806. 
>)  Lleblg's  Annalen,  29,  p.  309;  83,  pp.  1,  24. 
«)  LlebU'x  Annalen,  83,  p.  ITS. 

»)  Jo  urn.  d.  Pharm.  I.  E1»a»-Lothr.,  19,  pp.  a  and  5.">.     Abgtr.  Jahreab.  f.  pharm., 
1892,  p.  104. 

«1  Lieutg'*  Annalen,  SS.  p.  2S4. 
')  Arehlv  d.  Pharm.,  204,  p.  429. 


b.Google 


Oils  of  the  Rosaeeae.  428 

171.    Oil  (Otto)  of  Boae. 
Oleam  Rosarnm.  —  Rwen&L.  —  Essence  de  lUse. 

History.  Since  the  earliest  periods  the  charm  and  fragrance  of  the 
rose  has  led  to  its  appreciation  and  use.  This  is  shown  by  the  entire 
older  literature,  and  of  all  the  flower  perfumes  that  from  the  rose  has 
always  received  preference.  In  Chinese  and  Sanskrit  writings  the 
fragrance  of  the  rose  is  much  praised.  FatB  and  oils  saturated  with 
the  rose  perfume  have  been  used  since  earliest  antiquity  in  perfumery. 
Thus  Aphrodite  anointed  the  dead  body  of  Hector  with  rose  oil.  The 
Greeks  and  Romans  celebrated  annually  a  rose  festival,  at  whicli  the 
graves  of  the  dead  were  decorated  with  roses  and  their  tombstones 
were  anointed  with  rose  oil.  Of  the  various  flower  cults  that  of  the 
roses  has  been  the  most  eminent  since  antiquity. 

The  earliest  description  of  the  method  of  preparation  of  the  oil  of 
rose  of  the  ancients  is  found  in  the  writings  of  Dioscorides.  It  was  an 
aromatised  fatty  oil  as  were  the  majority  of  the  rose  oils  of  the  middle 
ages,  such  as  Oleum  rosarum,  O.  rosatnm  or  O.  ros/tcevm,  etc. 

Aside  from  apocryphal  Persian  and  oriental  traditions,  the  earliest 
definite  directions  for  the  preparation  of  roses  and  the  use  of  the  distil- 
late is  found  in  the  writings  of  the  Arabian  historian  Ibn  Chaldun. 
He  mentions  that  during  the  eighth  and  ninth  centuries  rose  water  was 
an  important  article  of  commerce,  being  carried  as  far  as  China  and 
India.  In  a  codex  of  ceremonies  of  946  by  the  East  Roman  emperor 
Constantine  VII.,  Persian  rosewater  is  mentioned  as  a  toilet  water.  At 
the  beginning  of  the  tenth  century,  Nonas  Theophanes,  the  physician 
of  emperor  Michael  VIII.,  recommended  and  used  rose  water  as  a 
medicament.  Avenzoar,  the  physician  of  the  calif  Ebn  Attaflr  of 
Morocco,  who  lived  at  the  beginning  of  the  twelfth  century;  also  his  ■ 
contemporary,  Joannes  Actuarius,  a  physician  of  Constantinople,  used 
rose  water  as  an  ophthalmic,  and  rose  sugar  as  an  internal  remedy. 

During  this  period,  Persia  seems  to  have  supplied  most  of  the  rose 
water.  During  the  fourteenth  century  it  was  also  exported  from  Meso- 
potamia. After  the  prime  of  the  levant  commerce,  the  Portuguese  and 
Dutch  were  the  principal  carriers  of  goods  between  Aden,  the  ports  of 
the  Persian  bay,  India  and  the  Occident.  Rose  water  constituted  one 
of  their  principal  articles  of  merchandise.  During  the  tenth  century  the 
distillation  of  roses  was  introduced  into  Spain  by  the  Arabs, 

Throughout  the  middle  ages,  the  distillation  of  rose  water  seems  to 
have  been  an  important  industry  of  Persia.    Unless  strongly  alcoholic 
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wine  was  used  in  the  process,  one  would  expect  that  in  the  distillation 
of  large  amounts  of  rose  water  the  separation  of  oil  of  rose  at  low 
temperatures  in  the  form  of  a  butyraceous  mass  had  been  noticed  at  an 
early  date  and  probably  used  to  perfume  fats  and  fatty  oils. 

The  first  statements  concerning  rose  oil,  which  possibly  refer  to  the 
distilled  oil,  is  found  in  the  writings  of  Mesues,  and  in  the  almanac  of 
Harib  for  the  year  961,  which  mentions  the  time  snitable  for  the  pre- 
paration of  rose  water  and  a  rose  preserve.  In  his  Compendium  aroma- 
tariorum  written  abont  the  middle  of  the  fifteenth  century,  Saladin  of 
Asculi,  the  body  physician  of  a  prince  of  Tarentnm,  describes  the 
distillation  of  roses  for  the  preparation  of  rose  water  and  rose  oil. 

According  to  a  statement  by  Langles,  distilled  rose  oil  is  twice 
definitely  mentioned  in  Mohammed  Achem's  history  of  the  groat  moguls 
of  1525  to  1667 ;  also  in  the  annals  of  the  Mongolian  empire  written  by 
Manucci,  a  Venetian  physician  who  lived  40  years  in  India.  Unquestioned 
mention  of  the  butyraceous  oil  of  rose  is  made  in  1574  by  Hieronymus 
Rubeus,  body  physician  of  Pope  Clemens  III. ;  also  in  the  writings  of 
Porta  of  the  year  1563  and  again  in  1604. 

In  the  apothecary  tax-ordinances  of  Worms  of  1582  and  of 
Frankfurt-on-the-Main  of  1587,  Oleum  ros&rvm  vernm  is  mentioned 
in  the  list  of  distilled  oils.  Abont  the  same  time  Angeliis  8ala  describes 
the  distillation  of  rose  oil  and  designates  it  strikingly  as  candiscente 
pinguidine,  insttir  spermatid  ceti.  In  his  Pharmacopoeia  of  1641, 
Sehroeder  enumerates  the  oil  under  the  Olea  destillata  usitatoria. 

Up  to  the  seventeenth  century  and  beyond,  however,  Persia  princip- 
ally seems  to  have  supplied  the  market  with  rose  water  and  rose  oil. 
In  the  course  of  the  century,  however,  the  cultivation  of  the  rose  and 
the  oil  industry  spread  to  India,  Arabia,  Tunis,  Algiers,  and  Morrocco 
to  the  south,  also  to  Asia  Minor,  Turkey  and  Bulgaria  to  the  north. 
On  the  island  of  Chios  also  considerable  rose  oil  was  distilled  at  the 
beginning  of  this  century,  which  entered  commerce  via  Smyrna. 

The  cultivation  of  roses  in  Bulgaria,  which  became  of  such  import- 
ance in  later  years,  was  begun  about  the  beginning  of  the  seventeenth 
century.  It  seems  to  about  coincide  with  the  founding  of  Kezanlyk,  a 
city  on  the  southern  slope  of  the  Balkan  mountains  in  East  Boumelia.  It 
was  not  until  the  nineteenth  century,  however,  that  the  rose  industry  of 
Bulgaria  became  a  dangerous  competitor  of  the  Persiau  rose  distillation. 
In  recent  years  Bulgaria,  in  turn,  has  found  successful  competitors  in 
Germany  and  France. 
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Since  the  fourteenth  century,  rose  water  and  with  it  small  quantities 
of  rose  oil,  have  been  distilled  for  popular  and  medicinal  use,  also  for 
perfumery,  in  the  north  European  countries,  especially  in  France,  Germany 
and  England.  The  amount  of  oil,  however,  was  so  small  that  rose  oil 
was  mostly  boubgt  from  the  orient  and  later  from  the  Balkan  states. 
The  cultivation  of  roses  for  the  purpose  of  distilling  rose  oil  on  a  large 
scale  was  begun  in  France  about  the  middle  of  this  century,  in  Germany 
in  1883.1 

The  high  price  of  rose  oil  and  the  ease  with  which  it  can  be  adulter- 
ated seems  to  have  brought  about  adulteration  in  Persia  in  the  course 
of  the  seventeenth  century.  Engelbert  Kaempfer  from  Lemgo,  who 
traveled  in  Persia  in  the  years  1682  to  1684,  mentions  that  rasped 
sandalwood  is  added  to  the  roses  in  the  process  of  distillation.  This 
observation  was  verified  in  1787  by  Archibald  Keir  in  Cbatra  in  the 
Ramgur,  whereas  Polier  observed  in  Cashmere  during  the  same  year 
that  in  this  country  not  sandalwood,  but  the  fragrant  Indian  grass 
(Andropogon)  is  added  to  the  roses  for  distillation. 

Aside  from  its  use  during  antiquity,  the  UBe  of  Andropogon 
schoenanthus  L.  for  the  purpose  of  adulteration  of  rose  distillates, 
dates  back  more  than  a  century.  As  a  more  convenient  adulterant, 
palmarosa  oil  is  more  recently  used  in  place  of  the  grass  from  which  it 
is  distilled  in  India. 

At  an  early  period  oil  of  rose  was  used  as  a  perfume  and,  filled  in 
fancy  flasks,  became  a  much  sought  for  article  in  the  bazaars  of  Con- 
stantinople, Smyrna,  the  levant  and  the  entire  orient.  The  demand 
being  greater  than  the  supply,  both,  manufacturers  as  well  as  dealers, 
early  learned  to  increase  the  supply  in  a  manner  profitable  to  them- 
selves. The  former  added  palmarosa  oil  to  the  roses  in  the  process  of 
distillation,  the  latter  still  further  diluted  it  with  indifferent  oils  and 
spermaceti,  the  latter  being  necessary  to  maintain  the  proper  congealing 
point. 

Origin.  Only  a  few  of  the  7,000  cultivated  varieties  of  roses  are 
used  in  the  production  of  the  oil.  For  the  purpose  of  distillation,  hand- 
some appearance  is  of  less  importance  than  hardiness  and  a  rich  yield 
of  flowers.  Both  these  qualities  are  possessed  by  the  Rosa  damasceoa 
Miller,  which  is  cultivated  in  the  Balkan  provinces  and  in  recent  years 
also  in  Germany  for  the  production  of  rose  oil.  This  variety  does  not 
occur  wild,  but  is  a  product  of  cultivation  and  originally  may  have  been 
a  hybrid  between  R.  gaUica  and  R.  canina. 
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The  Bulgarian  rose-plant  is  armed  with  numerous  not  strongly 
recurved  prickles.  The  glabrous,  obtuse  three  paired  lateral  leaflets  and 
the  terminal  leaflet  are  pure  bright  green,  the  calyx  smooth  and 
slightly  primrose.  In  many  cases  the  ordinarily  racemose  clusters— of  as 
many  as  twenty-seven  flowers— are  almost  cymes.  In  the  fully  expanded 
condition  the  roses  attain  a  maximum  width  of  7  cm.  and,  though 
double,  they  are  nevertheless  provided  with  numerous  stamens  with 
large  yellow  anthers.  In  tnany  flowers  the  outer  petals  are  almost 
white,  becoming  redder  and  redder  toward  the  center  and  under  the 
most  favorable  conditions  chiefly  pure  rose-red. 


FlK.  74. 
Bulgarian  Rnae  Oil  Distilling  Apparatus. 

In  Bulgaria  and  in  Germany  the  roses  are  grown  in  fairly  dense 
hedges,  about  the  height  of  a  man.  In  Bulgaria  a  white  rose,  R.  alba  L. 
is  planted  to  indicate  the  divisions  of  the  rose  fields.  It  is  said  to  yield 
an  oil  of  poorer  quality  which  is  richer  in  stearoptene. 

In  southern  France  R.  centifolia  L.  is  principally  cultivated  for  the 
production  of  rose  water  and  rose  pomade.  It  is  planted  in  rows  but 
forms  less  dense  and  lower  hedges  than  the  Bulgarian.  It  is  uncertain 
which  species  of  rose  was  cultivated  in  the  famous  rose  gardens  of 
Bchiras.  Possibly  it  was  R.  gnllica,  the  dried  petals  of  which  are  even 
to-day  exported  from  Persia  in  large  quantities. 

In  India  where  rose  oil  distilleries  have  existed  for  two  centuries  in 
Gazipour  on  the  Ganges  and  in  other  places  of  Bengal,  R.  damaseeoa 
is  likewise  used.     The  oil  distilled  there,    however,  is  never   pure,    but 
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always  contains  sandalwood  oil.  As  already  stated,  the  roses  are 
generally  distilled  with  sandalwood. 

Production  of  Bulgarian  Boss  Oil.  The  rose  stills  used  in  Bulgaria 
are  very  simple,  and  are  to-day  much  the  same  as  the  ones  described 
by  Baur1  80  years  ago. 

The  copper  still  (Lambie)  of  110  liters  capacity  rests  on  a  fire-place  built 
of  stone  (fig.  74)  which  is  heated  by  wood  from  the  near  forests  of  the  Balkan 
mountains.  The  conical  still  is  1.1  m.  high  and  provided  with  handles  with 
which  it  can  be  removed  from  the  fire-place.  The  middle  diameter  of  the  still 
Is  0.8  m.,  at  the  neck  it  is  0.36  m.  The  helmet  which  is  0.3  m.  high  and 
which  has  the  form  of  a  toad-stool  fits  closely  to  the  neck  of  the  body  of  the 
still.  The  joints  are  made  tight  with  clay  and  strips  of  cloth.  The  helmet  is 
provided  with  an  exit  tube  which  is  inclined  to  the  ground  at  an  angle  of  45° 
and  which  connects  with  the  condenser  tube  proper.  The  latter  is  straight, 
about  as  thick  as  a  thumb,  2.5  m.  long  and  passes  through  a  tub  of  oak  or 
beech  wood  filled  with  water.  The  cooling  water  is  conveyed  by  means  of  a 
wooden  gutter,   ■ 

A  number  of  these  stills  are  usually  mounted  under  one  shed.  Each 
apparatus  is  charged  with  10  k.  of  freshly  picked  roses  and  75  I.  of  water. 
The  distillation  is  continued  until  two  five  liter  flasks  are  filled  with  aqueous 
distillate.  The  water  remaining  in  the  still  is  used  for  the  next  charge,  a  pro- 
ceeding that  is  irrational  inasmuch  as  the  salts  and  extractive  matter  which 
accumulate  cannot  be  without  influence  on  the  delicate  perfume. 

When  a  sufficient  amount  of  rose  water  has  accumulated,  40  I.  are 
transferred  to  a  still  and  5  I.  are  distilled  off.  This  second  distillate  is  at  first 
a  white,  turbid  liquid,  which  becomes  clear  upon  standing,  the  oily  constituents 
separating  at  the  surface.  For  the  separation  of  the  oil,  a  small  funnel-shaped 
instrument  of  tin  is  employed  in  Bulgaria.  The  tube  has  but  a  very  fl in- 
opening  through  which  the  water  will  pass  but  not  the  semi-congealed  oil. 
According  to  unreliable  and  improbable  statements  3,000  k.  of  flowers  yield 
1  k.  of  oil  in  Bulgaria.  In  all  probability  a  much  larger  quantity  of  roses  is 
necessary,  though  3,000  k.  of  flowers  with  a  sufficient  amount  of  paltnarona  oil 
may  yield  1  k.  of  Bulgarian  rose  oil. 

After  the  oil  (Bulgarian  Giiljag)  has  received  another  addition  of 
palmarosa  oil,  which  for  this  purpose  is  exposed  to  the  sun  in  shallow 
dishes,  by  the  broker,  it  is  transferred  to  the  well  known  tinned  copper 
flasks  (Estagnons)  and  is  brought  into  the  market  as  Bulgarian  rose 
oil.  The  designation  Turkish  is  no  longer  correct,  for  in  Turkey  no 
rose  oil  is  distilled. 

Production  op  German  Boss  Oil.  The  first  attempts  by  Schim- 
mel  &,  Co.  to  distill  rose  oil  on  a  large  scale  were  made  in  1883.  At 
first  Rosa  centifolin  L.  from  the  neighborhood   of   Leipzig  was  used. 

wBQdte  FAcher,  27.  p.  1.    Abstr.  Jahnwh. 
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In  1888  the  firm  obtained  a  considerable  number  of  rose  bushes  from 
Bulgaria  which,  by  skillful  treatment  were  rapidly  multiplied.  At  the 
present  time  85  hectares  (=86.4  acres)  are  being  cultivated  with  this 
rose  variety  near  Miltitz,  a  station  12  km.  from  Leipzig  on  the  Thuringian 
R.  R.  The  detrimental  influence  of  the  transportation  on  the  freshly 
picked  roses,  made  their  distillation  on  the  epot  a  necessity.  Now  there 
stands  in  the  midst  of  the  rose  plantation  a  large  factory  building 
equipped  with  the  best  modern  apparatus.  The  freshly  picked  roses  are 
at  once  taken  to  the  large  copper  stills,  which  have  a  capacity  for 
1,500  k.  of  roses  in  addition  to  the  requisite  amount  of  water  (fig.  50, 
p.  81).    From  5,000  to  6,000  k.  yield  1  k.  of  oil. 

It  goes  without  saying  that  here  the  crudities  of  the  Bulgarian 
process  are  not  tolerated.  The  stills  are  not  heated  with  direct  fire  but 
with  steam.  For  every  new  charge  of  roses  fresh  water  is  used  and 
the  oil  is  collected  in  a  cascade-like  series  of  Florentine  flasks  like 
all  other  oils.  Owing  to  the  greater  care  exercised,  the  odor  of  the 
German  oil  is  by  far  superior  to  that  of  the  Bulgarian  oil.  Although 
the  stearoptene  content  is  much  higher,  the  intensity  of  its  odor  is 
again  as  great  as  that  of  the  latter.  A  product,  similar  in  intensity  of 
odor  and  stearoptene  content  to  the  Bulgarian  rose  oil,  is  the  rose 
gemniol  of  Schimmel  &  Co.  which  is  made  by  distilling  2,500  k.  of  fresh 
roses  with  1  k.  of  pure  geraniol. 

Properties.  The  commercial  Bulgarian  rose  oil  is  light  yellow  in 
color,  and  sometimes  has  a  greenish  tint.  At  21—25°  it  is  of  the  con- 
sistency of  sweet  almond  oil,  has  a  strong  odor  of  fresh  roses,  and 
a  pungent,  balsamic  taste.  At  about  18—21°  acicnlar  crystals  or 
shining  crystalline  laminae  separate  out,  which,  on  account  of  their 
lighter  sp.  gr.  collect  in  the  upper  portion  of  the  oil  and  coat  the  sur- 
face with  a  thin  film  that  readily  parts  when  the  oil  is  disturbed. 
When  cooled  the  oil  congeals  to  a  translucent,  soft  mass,  which  is  again 
liquified  by  the  warmth  of  the  hand. 

The  sp.  gr.  varies  as  a  rule  between  0.855 — 0.870  at  20°,  being 
lowered  by  a  higher  stearoptene  content.  The  oil  is  slightly  laevo- 
gyrate,  od  =  up  to  —  40.1  On  account  of  the  difficultly  soluble 
paraffins  which  rose  oil  contains,  it  yields  only  turbid  mixtures  with 
even  very  large  amounts  or  90  p.  c.  alcohol.  The  liquid  portion,  the 
so-called  oleoptene  forms  a  clear  solution  with  70  p.  c.  alcohol.    The 

'}  Bi.nr,    whOM    statements,    however,    are    not    always    reliable    (comp.    p.  480), 
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saponification  number  is  10—17.  Rose  oil  has  a  slightly  acid  reaction, 
its  acid  number  being  0.5—3.  For  this  reason  the  test  of  the  German 
Pharmacopeia,  that  the  chloroform-alcoholic  solution  should  not 
redden  blue  litmus  paper,  is  untenable.  The  temperature  at  which  the 
rose  oil  begins  to  congeal,  the  congealing  point,  lies  between  15  and 
22°,  mostly  between  17  and  21°.  The  stearoptene  content  varies  From 
10-15  p.  c. 

On  account  of  its  larger  stearoptene  content,  German  rose  oil  from 
Rosa  damaseetia.  Mill,  is  at  ordinary  temperature  a  greenish  mass  inter- 
mingled with  crystals.  The  odor  is  much  stronger  and  more  persistent 
than  that  of  the  Bulgarian  oil.  The  congealing  point  lies  between  27 
and  37°,  the  sp.  gr.  between  0.845—0.855  at  30°;  ao=4- 1  to  —1°. 
The  stearoptene  content  varies  between  26—34  p.  c. 

An  oil  distilled  in  Leipzig  from  Rosa  centifotia  L.  had  the  following 
properties:  sp.  gr.  0.8727  at  25°;  «D  =  +  0o49';  congealing  point  +  28 ; 
saponification  number  7.8. 

According  to  Dupont  and  Guerlain1,  two  French  oils  distilled  in 
1895  and  1806  had  the  following  properties:  sp.  gr.  0.8225—0.8407 
at  30°;  «d  at  30°  =  —  6°  45'  to  — 8°  3';  stearoptene  content  35  and 
26  p.  e. 

Composition.  Shortly  after  the  introduction  of  elementary  analysis 
the  first  combustion  of  rose  oil  and  its  stearoptene  was  made  by  Saus- 
sure3  in  1820.  A  second  analysis  was  made  by  Blanchet8  in  1833. 
The  analysis  of  the  oil  merely  indicated  that  it  contained  oxygen,  that 
or  the  stearoptene  that  it  was  a  hydrocarbon.  Blanchet  supposed  the 
latter  to  be  a  terpene,  CioHm,  whereas  Fluckiger*  in  1869  first 
recognized  in  it  a  representative  of  the  paraffin  series.  The  vapor 
density  determination  made  by  Power"  in  Fliickiger's  laboratory  indi- 
cated the  formula  CiaHg^  Baur,fl  who  has  made  numerous  observations 
on  the  distillation  of  rose  oil  in  Bulgaria  and  who  made  detailed  reports 
in  1867  and  1872,  claimed  that  the  odorless  stearoptene  could  be  con- 
,  verted  into  fragrant  oleoptene  by  oxidation,  and  also  that  the  reverse 
reaction  could  be  made  to  take  place.  Later  investigations,  however, 
have  not  confirmed'  these  statements.  About  the  same  time  (1872) 
Gladstone7  examined  the  liquid  portion  of  the  oil  and  found  its  boiling 

i)  t'ompt.  rend,,  128,  p.  TOO.  «)  PharmakogiiosJe.  3rd  eel.,  p.  170. 

■>>  Ann.  daChim,  et  Phj-B..  II,  IS.  p.  8B7.  «)  Xsmes  Jahrb.   I.    Pharm..   27,  p.  1; 

■}  Llebig'a  Annalen.  7,  p.  154.  28,  p.  193. 
•)  Pliarm.  Jonrn..  II,  10,  p.  147.  »)  Joarn.  (hem.  Sue.  25.  p.  12. 
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point  to  be  216°.  The  first  detailed  investigation  was  made  by  Eckart1  f 
in  1890,  who  showed  that  the  principal  constituent  of  both  Bulgarian/ 
and  German  rose  oil  was  an  alcohol  CioHisO,  to  which  he  gave  the  name 
rhodinol.  Although  he  ascertained  the  great  similarity  between  the  new 
alcohol  and  geraniol,  he  declared  the  two  to  be  distinct  and  suggested  two 
formulas  indicative  of  their  difference.  LikeGladstone,  he  found  the  boiling 
point  of  the  rhodinol  to  be  216°  (instead  of  229°)  and  it  is,  no  doubt,  due 
to  this  reason  that  Eckart  did  not  recognize  the  geraniol  as  such. 

Shortly  afterward  (in  1898)  Markownikofl  and  Reformatzky*  claimed 
that  the  principal  constituent  of  Bulgarian  rose  oil,  to  which  they  gave 
the  name  roseol,  had  the  formula  C10H20O.  At  the  same  time,  how- 
ever. Barbier8  arrived  at  the  conclusion  that  Eekart'e  formula  CiqHio0 
■  was  correct.  This  was  further  confirmed  by  Tiemann  and  Semmler* 
who  recognized  the  identity  of  Eckart's  rhodinal  and  citral,  the  aldehyde, 
CioHieO,  corresponding  to  geraniol.  These  differences  led  Bertram 
and  Gildemeister6  to  take  up  the  investigation  of  rose  oil.  They 
ascertained  that  the  principal  constituent  of  German  as  well  as  Bul- 
garian "rose  oil  is  geraniol,  the  alcohol  CioHieQ'  (b.  p.  229 — 280°) 
discovered  by  Jacobsen  in  1870  in  palmarosa  oil,  and  that  "rhodinol" 
is  impure  geraniol.8 

However,  geraniol  is  not  the  only  alcohol  contained  in  rose  oil. 
Hesse''  (1894)  expressed  the  surmise  that  the  alcohol  "reuniol," 
C10H30O,  found  by  him  in  the  pelargonium  oils,  might  also  be  con- 
tained in  rose  oil.  Tiemann  and  Schmidt1*  demonstrated  the  identity 
of  "reuniol"  with  citroneHol,  the  reduction  product  of  citronellal. 


<)  Archtv  d.  Phurm.,  320,  p.  853;  also  Berlchte.  34,  p.  4205;  Polcck,  Berlchte,  28, 
p.  8554. 

9)  Journ.  I.  prakt.  Chem.,  II.  48,  p.  298. 

»)  Compf.  rend,,  117,  p.  1T7. 

1)  Berlchte,  26,  p.  3708. 

">  Journ.  I.  prakt.  Chem.,  II.  49,  p.  183. 

")  Ah  to  whether  this  alcohol  In  to  be  designated  "geraniol,"  the  name  assigned  to 
It  by  It*  discoverer,  or  "rhodinol,"  the  name  suggested  by  Eckart  lor  the  Impure 
compound,  hag  siren  riae  to  a  lively  controversy.  Without  entering  upon  this  dle- 
cusaloD,  a  mere  reference  to  the  literature  will  here  be  made:  II.  Erdmann  &.  liuth: 
"Zur  Kenntnlaa  dee  Rhodlnols  und  OeranlolB."  Journ.  f.  prakt.  Chem.,  II,  58,  p.  42; 
Bertram  &  Gildemeister:  "L'eber  Rhodinol  und  Gerontol."  Journ.  1.  prokt.  Chem.,  It, 
08.  p.  225;  A.  II esse  :  "Ueber  die  vermelntllche  Identltttt  von  Rhodinol  and  Geraniol." 
Journ.  f.  prakt.  Chem.,  II.  88,  p.  288;  H.  Erdmann:  "tlntersuchnngen  Oner  die  Be- 
atandthelle  don  RosenOle  und  verwandter  fltherlscher  Oele."  Journ.  (.  prakt.  Chem.,  II, 
56,  p.  1;  Bertram  A  Gildemeister:  "Die  Beatandthelle  dee  RosenBI*  und  verwandter 
atherlscher  Oele.' .Journ.  1.  prakt.  Chem.,  II,  5«,  p.  506;  Th.  Poleck:  "Zur  Rhodinol- 
Irage."  Journ.  f.  prakt.  Chem..  II,  56,  p.  BIB;  Berlchte,  81,  p.  39:  Bertram  &  Gilde- 
meister: "Zur  Rhodlnoltratte."    Berlchte,  81.  p.  749. 

')  Journ.  I.  prakt.  Chem.,  II,  BO.  p.  478. 

•1  Berlchte,  29,  p.  922. 
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As  already  stated,  the  greater  portion  of  rose  oil  consists  of  geraniol. 
If  the  stearoptene  is  removed  by  dissolving'  the  oil  in  dilute  alcohol  or 
by  vacuum  distillation,  there  remains  an  oil  which  distills  under  ordinary 
pressure  between  228—232°.  When  treated  with  carefully  dried  and 
very  finely  powdered  calcium  chloride,  this  oil  solidifies  to  a  solid  mass 
of  geraniol  calcium  chloride.  This  is  freed  from  oil  by  washing  with 
ether,  petroleum  ether  or  benzene,  and  then  decomposed  with  water, 
yielding  chemically  pure  geraniol.1  For  the  identification  of  geraniol 
the  well  crystallizing  diphenyl  urethane  derivative  (m.  p.  83 — 84°)  dis- 
covered by  Erdmaim  and  Hutha  can  be  employed.  Properties  and 
derivatives  of  geraniol  are  described  on  p.  132. 

The  second  alcohol,  the  1-citronellol,  is  quantitatively  of  less  im- 
portance. Tiemann  and  Schmidt8  estimate  the  amount  in  Turkish- 
rose  oil  to  be  about  20  p.  c.  For  tbe  identification  and  isolation  of 
citronellol  phosphorus  trichloride  is  allowed  to  act  on  a  well  cooled 
ethereal  solution  of  the  alcohols  of  rose  oil.  The  geraniol  is  hereby 
converted  partly  into  geranyl  chloride,  partly  into  hydrocarbons, 
whereas  the  citronellol  is  converted  into  a  citronellyl  chlorophosphorous 
acid,  which  can  be  removed  from  the  ethereal  solution  by  shaking  with 
caustic  soda  solution.  The  aqueous  solution  of  this  citronellyl  acid 
enter  is  shaken  out  with  ether,  saponified  with  strong  caustic  soda 
solution,  and  the  free  citronellol  distilled  with  water  vapor. 

The  two  alcohols,  geraniol  and  citronellol,  occur  in  rose  oil  princi- 
pally in  the  free  state  and  only  in  small  part  as  ester.  The  oleoptene 
of  Bulgarian  rose  oil  contains  about  90  p.  c.  of  alcohols  (calculated  as 
CioHisO).  Normal  Bulgarian  oil,  including  the  stearoptene,  contains 
on  an  average  2.5—3.5  p.  c.  of  ester  (calculated  as  geranyl  acetate) ;  a 
sample  of  German  oil  contained  3  p.  c. 

According  to  Dupont  and  Guerlain*  (1896)  the  esters  deviate 
polarized  light  more  than  the  underlying  alcohols.  The  liquid  portion 
of  a  French  oil  which  deviated  the  ray  of  polarized  light  10°  80'  to  the 
left,  after  saponification  had  an  angle  of  only— 7°  55'.  The  acids  which 
are  probably  partly  combined  with  geraniol,  partly  with  citronellol, 
have  not  yet  been  investigated.  Dupont  and  Guerlain  are  of  the 
opinion  that  the  esters  play  an  important  role  in  the  production  of  tbe 
rose  perfume. 

i)  Bertram  £  Qildemelster,  loc.  clt. 

1)  Journ.  f.  prukt.   Cham.,    II,  SS,  p.  45;    also    Tiemann  A  Schmidt,    BerithW,  29. 
p.  920;  further  H.  Erdmano,  Journ.  t.  piakt  Chem.,  II,  SS,  p.  6. 
*)  Loc.  eft. 
*)  Compt.  rend.,  128,  p.  760. 
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As  shown  by  Fliickiger1  the  stearoptene  of  oil  of  rose  belongs  to 
the  series  of  paraffin  hydrocarbons.  It  is  not,  however,  a  single  hydro- 
carbon, but  consists  of  at  least  two,  possibly  of  a  number  of 
homologous  paraffins.  This  is  shown  by  the  Tact  that  on  proper  treat- 
ment of  a  large  amount  of  stearoptene,  fractions  melting  at  22°  and 
40 — 41°  respectively  are  obtained.2 

The  ethyl  alcohol  found  by  Eckart  results,  according  to  Schim- 
mel  &  Co.,8  only  when  the  roses  have  become  heated  on  their  way 
from  the  fields  to  the  stills  and  have  thus  undergone  fermentation. 

Inasmuch  as  neither  geraniol  and  citronellol,  nor  their  esters  either 
alone  or  mixed  possess  the  characteristic  honey-like  odor  of  the  rose 
oil,  it  must  be  assumed  that  other  substances  are  present  in  very  small 
amounts  which  assist  in  producing  the  fine  aroma  of  the  rose.  The 
different  odors  of  the  various  varieties  would  seem  to  indicate  chemical 
differences. 

Examination.  Since  the  danger  of  adulteration  of  as  expensive  an 
oil  as  rose  oil  is  very  great,  a  number  of  empirical  tests  have  been 
suggested  by  means  of  which  it  was  supposed  the  presence  of  foreign 
additions,  especially  of  palmarosa  oil  (so-called  Turkish  geranium  oil) 
could  be  detected.  Though  these  tests  were  never  received  with  much 
confidence,  their  value  became  even  more  problematic  when  it  was 
shown  that  geraniol  constituted  the  principal  constituent  of  rose  oil  as 
well  as  of  palmarosa  oil.  It  "is  true  that  some  characteristic  constituent 
of  the  palmarosa  oil  not  contained  in  rose  oil  might  produce  a  particular 
reaction  with  the  proposed  reagents  and  thus  betray  the  presence  of  the 
adulterant.  A  recent  investigation,  however,  of  palmarosa  oil  hyGilde- 
meister  and  Stephan*  has  not  been  productive  of  any  result  in  this 
direction.  In  addition,  it  should  be  remembered  that  the  Bulgarians 
Bubject  the  palmarosa  oil  to  special  treatment  before  .they  use  it  as 
adulterant.  Thus  e.  g.  by  shaking  the  oil  with  lemon  juice  and  by 
exposing  it  to  the  sun,  they  try  to  make  the  palmarosa  oil  resemble 
the  rose  oil  in  odor  and  other  properties  as  far  as  possible. 

Besides  palmarosa  oil,  the  true  geranium  oil  is  used  as  an  adulterant 
of  rose  oil.  If  the  adulteration  is  at  all  skillful  not  only  do  the  numerous 
suggested  color  reactions    with    iodine,    sulphuric    acid,    fnchsin    sul- 

i)  See  footnote  4,  p.  480. 

*}  Bertcbt  von  S.  A  Co..  Oct.  1880.  p.  42.— Eckart,  Dnpont  *  Guerlaln,  loo.  olt. 

»)  Bertcbt  too  8,  &  Co.,  Oct.  1882,  p.  88. 

*)  ArchlT  d.  Phnrm.,  384.  p.  821. 
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phurous  acid,1  etc.  fail,  but  even  the  rational  physical  and  chemical 
examination  proves  of  no  avail.  This  is  cansed  partly  by  the  great 
similarity  of  rose  oil  and  its  adulterants,  partly  by  the  fact  that  rose 
oil  varies  especially  in  paraffin  content  according  to  climate,  atmospheric 
conditions,  soil  and  method  of  distillation  to  such  an  extent  that  a 
comparison  of  physical  properties  usually  proves  of  no  avail  in  the 
attempt  to  detect  adulteration. 

For  this  reason  there  is  no  positive  foundation  for  the  claim  that 
the  commercial  Bulgarian  rose  oil  is  the  pure  distillate  from  the  roses. 
Several  indications  render  it  improbable.  First  of  all,  the  large  imports 
of  palmarosa  oil  into  Bulgaria  create  suspicion.  Further,  the  enormous 
differences  between  the  Bulgarian  and  German  distillates  is  very  striking 
and  not  to  be  explained  by  mere  reference  to  climatic  differences.  Rather 
startling  is  also  the  fact  that  Bulgarian  manufacturers  have  repeatedly 
exhibited  as  especially  fine  products,  oils  that  agreed  closely  with  the 
Germau  distillate  in  odor,  congealing  point  and  stearoptene  content. 

On  the  other  hand  the  oil  which  is  obtained  by  distilling  2,500  k. 
of  roses  with  1  k.  of  geraniol,2  cannot  be  distinguished  from  the 
Bulgarian  oil  of  commerce.  Intensity  of  odor,  congealing  point  and 
stearoptene  content  are  alike. 

In  order  to  guard  against  gross  adulteration,  specific  gravity, 
optical  rotation,  congealing  point,  stearoptene  content,  saponification 
number,  and  eventually  the  amount  of  alcoholic  constituents  should  be 
determined.  If  the  data  thus  obtained  correspond  with  those  of  a  good 
average  oil,  and  if  the  odor  is  delicate  and  rich,  it  may  be  pronounced 
unsuspicious.  No  chemist,  however,  can  guarantee  an  oil  on  the  strength 
of  its  physical  and  chemical  properties. 

Specific  gravity.  Inasmuch  as  the  oil  is  partly  solidified  at  15°, 
the  determination  must  be  carried  out  at  20,  25  or  30°.  Palmarosa 
oil  has  but  little  effect  on  the  density ;  alcohol,  which  has  been  observed 
occasionally,  lowers  it;  sandalwood  oil,  which  is  added  during  the 
distillation  in  India,  increases  it. 

Optical  rotation.  The  angle  of  rotation  is  scarcely  influenced  by 
palmarosa  oil.  It  is  remarkable  that  the  rotation  of  the  French  oil  is 
much  greater  than  that  of  the  German  or  Bulgarian. 


i)  P»nn]otc>v.    BoricbM.    2*.    p.    3700;    Bertcht  v 

on  S.  A 

Jo.,  Apiil  1892 

Comp.  ftlao  Jedermann.  Zeluehr.  (.    analvt.   Chemie,    S 

9.  p.    96; 

Bertcht  von  8 

Apr.  1897,_p.  89. 

»)  Berlcht  von  S.  k  Co.,  Oct.  1898,  p.  66. 
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Congealing  point.  With  reference  to  rose  oil,  it  is  that  point 
at  which  the  first  crystals  separate  when  the  oil  is  slowly  cooled. 
Raikow,'-  who  considers  the  congealing  point  as  the  point  of  super- 
saturation  of  the  oleoptene  with  stearoptene,  determines  it  in  the  follow- 
ing manner: 

About  10  cc.  of  rose  oil  arc  introduced  into  a  teat  tube  of  about  15  mm. 
diameter.  A  thermometer  is  no  inserted  that  it  touches  neither  the  bottom  nor 
the  Bides  of  the  tube,  but  floats  freely.  The  oil  in  the  tube  is  warmed  4 — 5° 
above  the  saturation  point  by  means  of  the  hand  and  well  shaken.  The  tube 
is  then  securely  supported  and  the  oil  allowed  to  cool  spontaneously  until  the 
first  crystals  appear.  At  this  point  the  temperature  is  read,  and  the  operation 
repeated. 

The  congealing  point  of  good  commercial  Bulgarian  oil  lies  as  a 
rule  between  18  and  21°,  but  deviations  upward  as  well  as  downward 
occur.  Formerly  rose  oil  was  valued  according  to  its  congealing  point 
alone.  Although  the  odorless  paraffin  was  valueless  the  oil  demanded 
a  higher  priee  according  to  its  higher  congealing  point.  It  was  originally 
and  correctly  considered  that  the  addition  of  palmarosa  oil  would  lower 
the  congealing  point.  Later,  when  the  congealing  point  was  artificially 
raised  by  the  addition  of  spermaceti,  the  test  lost  its  significance  and 
value.  It  has  already  been  stated  that  the  genuine,  normal  Bulgarian 
oil  of  rose  probably  contains  much  more  stearoptene  ttian  the  commercial 
oils  from  that  source. 

Stearoptene  assay.2 

50  g.  of  oil  are  heated  to  70—4*0°  with  D00  g.  of  75  p.  c.  alcohol.  When 
cooled  to  0"  the  stearoptene  separates  almost  quantitatively,  [t  is  separated 
by  filtration,  again  treated  with  200  g.  of  75  p.  c.  alcohol  and  the  operation 
repeated  until  it  has  become  perfectly  odorless.  As  a  rule  two  such  treatments 
of  the  crude  stearoptene  suffice. 

Test  for  spermaceti  in  the  stearoptene, 

3 — 5  g.  of  the  stearoptene  are  boiled  for  a  short  time  with  20—25  g.  of  a 
5  p.  c.  alcoholic  solution  of  potassa.  The  alcohol  is  evaporated  and  the 
residue  treated  with  hot  water.  Upon  cooling  most  of  the  stearoptene  separates 
as  a  solid  crystalline  mass  on  the  surface.  The  alkaline  solution  is  removed, 
the  stearoptene  melted  with  some  hot  water,  again  allowed  to  cool,  the  water 
again  removed,  the  operation  being  repeated  until  the  wash  water  is  neutral. 
Tbe  united  aqueous  liquids  are  twice  extracted  with  ether  in  order  to  remove 
any  suspended  stearoptene.  The  alkaline  aqueous  solution  is  then  acidified 
with  dilute  sulphnric  acid  and  the  acid  solution  extracted  again  with  ether. 
Upou  evaporation,  the  ether  should  leave  no  residue  (fatty  acids).  By  way  of 
control,  the  recovered  stearoptene,  dried  at  90°,  is  weighed.  Allowance  should 
be  made  for  a  slight  loss  resulting  from  evaporation  while  drying. 

i)  Chemlker  SMtung,  23,  p.  111).  •)  Berlcht  vim  K  &  Co.,  Apr.  1888.  p.  BY. 
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The  spermaceti  content  can  be  determined  in  a  simpler  manner  by 
saponifying  the  separated  stearoptene  with  alcoholic  potassa  of  known 
strength  and  titrating  back  with  N/2  sulphuric  acid.  The  saponification 
number  of  spermaceti  is  108. 

Saponification.  The  saponification  number  of  a  good  commercial 
oil  varies  from  10 — 17,  the  acid  number  from  0.8 — 2.7.  Palmarosa 
oil  according  to  Gildemeister  and  Stephan '  has  a  saponification  number 
of  30 — 50,  the  genuine  geranium  oils  4ii — 100.  Additions  of  the  latter 
may.  therefore,  become  noticeable. 

Acetylization.  In  order  to  make  the  examination  of  the  oil 
complete,  it  will  often  be  advisable  to  ascertain  the  alcohol  content 
(geraniol  and  citronetlol)  by  acetylization.  The  amount  present  will 
be  inversely  proportional  to  the  percentage  of  stearoptene  present. 
L'mney2  found  70—72.5  p.  c.  (calculated  as  geraniol)  in  good  rose  oil. 
Palmarosa  oil  contains  76—92  p.  e.  of  geraniol.1 

As  latest  adulterant,  guaiac  wood  oil  from  Bulnesin  sarmienti,  which 
has  an  agreeable  tea-rose-like  odor,  has  been  employed  in  Bulgaria.8 
It  can  be  recognized  by  the  microscopic  examination  of  the  form  of  the 
crystals  of  guaiol  which  separate  from  the  oil  upon  cooling.  Guaiol 
forms  needle-shaped  crystals  which  are  characterized  by  a  channel-like 
middle  line.  The  crystals  of  the  rose  oil  paraffin  are  smaller  and  thinner 
and  possess  less  sharply  outlined  forms  (Dietze*). 

The  positive  presence  of  guaiac  wood  oil  in  rose  oil  should  be  estab- 
lished by  the  isolation  of  guaiol  melting  at  91°.  The  new  adulterant 
increases  the  specific  gravity  and  the  optical  rotation,  and  raises  the 
congealing  point  of  the  oil;  it  lowers  the  saponification  number 
but  very  little,  and  upon  evaporation  leaves  a  resinous  residue.* 

t  172.    Oil  of  Bitter  Almond. 

Oleum  Amygdalarnm  Amanrum.— Blttenaandelol.— Essence  d'Amandes  A  meres. 
Oriisin  and  History.  Pninua  xmygdalm  Stokes  (Amygdalae  com- 
munis L.)  which  belongs  to  the  family  of  the  Rosucetie  is  cultivated  in 
Euro]*.  Asia  and  northern  Africa,  recently  also  in  California.  In  the 
course  of  time  several  cultivated  varieties  have  been  formed,  which  are 
dietintruished  by  larger  or  smaller  fruits  and  seeds.  The  trees  which 
produce  the  bitter   almond  do   not   reveal   any  permanent   botanical 

M  Archtv  d.  Pharm..  384,  p.  826. 

i)  Chemist  and  DruBglat,  49,  p.  795. 

»>  Borlcht  tod  S.  &  Co.,  Oct.  1898,  p.  48. 

•)  SHdiieutsche  Apoth.  ZeltuDjjt,  BS,  pp.  S72  nod  880. 
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differences  from  those  that  produce  the  sweet  almond.  It  is  possible 
that  the  wild  almond  tree  originally  produced  none  but  bitter  almonds 
which  gradually  became  sweet  upon  cultivation.  Both  varieties  have 
been  known  since  antiquity. 

Bitter  almond  oil  is  first  mentioned  in  the  writings  of  Saladin  of 
1488  and  those  of  Sancto  Amando  in  the  sixteenth  century.  The  distil- 
lates from  bitter  almonds  and  of  other  Prunoideae,  seem  to  have  received 
but  little  attention  during  the  period  of  general  use  of  distilled  watere. 
It  is  also  uncertain  whether  the  poisonous  character  of  bitter  almond  oil 
was  generally  known.  Even  Scheele,  when  he  discovered  hydrocyanic  acid 
in  1782  does  not  seem  to  have  fully  realized  its  poisonous  properties. 
Murray  appears  to  have  been  the  first  in  1784  to  have  emphasized  its 
very  poisonous  character. 

The  presence  of  hydrocyanic  acid  in  bitter  almond  oil  was  first 
surmised  by  Eemler,  an  apothecary  in  Erfurt,  in  1785.  Its  presence 
was,  however,  first  established  by  Bohm,  an  apothecary  in  Berlin,  in 
1803.  Bitter  almond  oil  and  its  hydrocyanic  acid  content  were  in- 
vestigated by  Schaub,  Schrader,  Ittner,  (Say-Lussac1  (1831).  Robiquet 
und  Vogel,2  Boutron-Charlard 8  (1837),  Liebig  and  Wohler*  (1837), 
Winckler"*  (1839),  and  others. 

The  separation  of  hydrocyanic  arid  from  the  benzaldehyde  was  first 
accomplished  by  Vogel  in  1822  by  shaking  the  oil  with  baryta  water.2 
Liebig  and  Wohler8  (1837)  shook  the  oil  with  ferric  sulphate  or  chloride 
and  milk  of  lime,  a  method  that  is  still  in  use.  and  thus  first  prepared 
pure  benzaldehyde.  Bertagnini  in  1853  suggested  the  use  of  sodium 
bisulphite.7  The  separation  of  benzoic  acid  from  bitter  almond  oil  upon 
exposure  to  air  was  observed  b,v  Stange  in  1823. 8 

Preparation.  Only  a  very  small  amount  of  the  bitter  almond  oil 
of  commerce  is  prepared  from  bitter  almonds.  For  the  manufacture  of 
the  oil  the  seeds  of  the  apricot,  Prunus  armeniaca  L.,  serve  almost 
exclusively  and  the  oil  thus  obtained  does  not  appear  to  differ  in  any 
respect  from  the  oil  obtained  from  bitter  almonds.  The  seeds  of  the 
apricot   are   brought   from   Asia   Minor,   the   home   of   the   tree,   into 

>)  PoggendorB's  Annalen  der  Phjuik.     New  series.     28,  pp.  1  and  188. 

■  )  Journ.  de  Pharm..  II.  8.  p.  89H;   Ann.  de  Cblm.  et  I'hva.,  15,  |>.  MO:   21,  p.  250. 
*)  Ann.  de  Chlm.  et  1'hyn..  4*.  p.  852. -Liebig' ■  Annalen,  25,  p.  17S. 

4)  Lieblg'a  Animleli,  22,  p.  1. 

»)  Repert.  f.  d.  Phnnn..  I,   IT.  p.  150.— Pharm.  Centralbl.,  1880.  p.  084. 

»)  Liebig'*  Annalen,  8,  p.  252. 

i>  Ibidem,  85,  p.  188. 

■  )  Repert.  I.  d.  Phartn..  1.  14.  pp.  829,  801;  10,  p.  80. 
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European  commerce  as  "peach  kernels."  The  seed  of  the  peach,  Pranus 
peisica,  Jess.  likewise  yields  an  oil  that  may  be  regarded  as  the  equiva- 
lent of  bitter  almond  oil. 

Previous  to  the  distillation  of  the  volatile  oil,  the  seeds  must  be 
deprived  of  their  fatty  oil.  They  are  ground  to  a  coarse  powder  and 
the  oil  is  expressed  by  means  of  hydraulic  presses,  a  pressure  of  350 
atmospheres  being  applied.  Upon  cold  expression,  bitter  almonds  yield 
about  50  p.  c,  apricot  seeds  about  25 — 38  p.  e.  of  fatty  oil. 

The  press-cakes  are  finely  ground  and  are  then  ready  for  the 
manufacture  of  the  volatile  oil.  This  is  not  present  as  such  in  the 
seeds  but  is  formed  by  a  process  of  fermentation  similar  to  that  pro- 
ducing mustard  oil  and  oii  of  wintergreen.  In  the  presence  of  water 
the  glncoside  amygdalin  which  is  contained  in  these  seeds  is  decomposed 
by  a  ferment  known  as  emnlsin  into  benzaldehyde,  hydrocyanic  acid 
and  dextrose  according  to  the  following  equation : 

CaoHaiNOn  +  2HB0  =  C8HeCHO  +  CNH    +    2CeHiaO« 

AniygdalLn  Witer  Henzaldehyde    Hydrocyanic  meld        Dextrose. 

Inasmuch  as  the  emulsin  coagulates  at  the  boiling  temperature 
of  water,  and  thereby  loses  its  activity,  the  fermentation  must  be 
completed  before  the  distillation  is  begun.  The  powder  is  therefore 
mixed  with  6—8  parts  of  water  of  about  50—60°  and  the  mixture  set 
aside  for  about  12  hours.  The  oil  formed  is  then  distilled  over  with 
water  vapor. 

According  to  the  directions  of  Pettenkoter '  (1862)  12  parte  of  the  (fro and 
seeds,  deprived  of  their  fatty  oil,  are  added  to  100—120  parte  of  boiling  water 
while  stirring.  The  mixture  is  kept  at  this  temperature  for  about  15 — 80 
minutes  n*irl  is  then  set  aside  to  cool.  To  the  cool  mixture  1  part  of  fresh 
bitter  almond  powder,  mixed  with  6— ?7  parte  of  water,  is  added  and  allowed 
to  macerate  for  12  hoars. 

By  treating  the  larger  portion  of  the  almond  powder  with  boiling  water, 
a  more  complete  solution  of  the  amygdalin  is  supposed  to  be  accomplished. 
In  order  to  hydrolyse  the  amygdalin  of  12  part-  of  the  powder,  the  emulsin 
of  1  part  will  suffice. 

During  the  process  of  distillation,  care  is  to  be  exercised  not  to  allow  the 
vapors  of  the  very  poisonous  hydrocyanic  acid  to  escape  into  the  room.  Not 
only  should  good  condensation  be  provided,  but  the  receiver  should  be  joined 
air-tight  to  the  condenser  by  means  of  bladder  or  parchment  paper.  AH 
i!scapiug  gases  should  be  conducted  into  the  open  atmosphere. 

fnasmuch  as  benzaldehyde  is  rather  readily  soluble  in  water,  especially  in 
such  containing  hydrocyanic  acid,  the  bulk  of  the  oil  is  obtained  only  after 
cohobation  of  the  aqueous  distillate.  The  yield  of  oil  from  bitter  almond  seed 
varies  from  0.5—0.7  p.  c,  that  from  apricot  seeds  from  0.6 — 1  p.  c. 

i)  Llebtrs  Annalen,  123,  p.  SI. 
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Inasmuch  as  the  hydrocyanic  acid  is  objectionable  in  many  instances, 
a  part  of  the  oil  is  deprived  of  this  poisonous  acid. 

For  this  purpose  the  oil  in  shaken  with  milk  of  lime  and  ferrous  sulphate 
whereby  the  hydrocyanic  acid  is  precipitated  as  calcium  ferrocyauide.  The 
unchanged  benzaldehyde  is  rectified  by  means  of  water  vapor.  If  the  operation 
has  been  carefully  conducted  no  trace  of  hydrocyanic  acid  remains,  as  may  be 
shown  by  the  teste  described  uuder  Examination. 

In  place  of  the  oil  deprived  of  its  hydrocyanic  acid,  the  cheaper 
artificial  benzaldehyde  is  largely  used.  Inasmuch  as  the  latter  article 
usually  contains  chlorinated  product*  which  possess  an  unpleasant  odor 
and  taste,  it  can  be  used  only  in  the  manufacture  of  the  cheaper  grades 
of  soap,  but  not  in  perfumery  and  in  liquors.  Artificial  benzaldehyde 
is  made  by  boiling  benzyl  chloride  with  lead  or  copper  nitrate,  or  by 
heating  benzylidene  chloride  with  soda  lye  or  milk  of  lime.  Benzaldehyde 
obtained  in  this  manner  can  be  detected  by  means  of  its  chlorine  con- 
tent as  described  on  p.  442. 

Properties.  Bitter  almond  oil  containing  hydrocyanic  acid  is  at 
first  a  colorless  liquid  which  later  becomes  yellow.  It  is  strongly 
refractive  snd  posesBes  the  well-known  odor  of  bitter  almonds. 
In  smelling  of  the  bitter  almond  oil  great  care  should  be  exer- 
cised on  account  of  the  strongly  poisonous ,  hydrocyanic  acid.  The 
sp.  gr.  of  the  normal  oil  is  1.045 — 1.06.  A  higher  specific  gravity 
may  be  due  to  an  abnormally  high  hydrocyanic  acid  content  or  of 
phenyl  oxyaceto-nitrlle.  {Comp.  under  Composition  on  p.  440.)  Freshly 
prepared  oil  is  neutral.  Upon  standing  it  acquires  an  acid  reaction 
owing  to  the  oxidation  of  benzaldehyde  to  benzoic  acid.  The  oil  is 
optically  inactive. 

In  water  it  is  relatively  soluble :  1  part  of  oil  requires  somewhat 
over  800 •parts  of  pure  water  for  solution.  In  water  containing  hydro- 
cyanic acid,  however,  it  is  more  soluble.  The  oil  is  soluble  in  90  p.  c. 
alcohol  in  all  proportions,  of  70  p.  c.  alcohol  it  requires  l%—2  parts. 
Nitric  acid  dissolves  bitter  almond  oil  at  ordinary  temperature  without 
the  generation  of  nitric  oxide  vapors. 

Upon  distillation  of  the  oil  over  a  direct  flame  an  oil  rich  in  hydro- 
cyanic acid  comes  over  first,  later  a"  weaker  distillate  is  obtained. 
On  account  of  the  hydrocyanic  acid  vapors  given  off,  special  care  must 
be  taken  in  conducting  this  operation.  The  residue  contains  benzoin 
which  results  from  the  polymerization  of  the  benzaldehyde  under  the 
influence  of  the  hydrocyanic  acid. 
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Bitter  almond  oil  deprived  of  its  hydrocyanic  acid,  or  benzaldehyde, 
is  a  colorless,  optically  inactive  liquid;  sp.  gr.  1.050—1,055;  b.  p.  179°. 
It  is  much  more  readily  acted  npon  by  atmospheric  oxygen  than  the 
oil  containing  hydrocyanic  acid,  which  seems  To  act  as  a  preservative. 
Atmospheric  oxygen  quite  readily  oxidizes  benzaldehyde  to  benzoic 
acid.    Compare  under  Preservation  on  p.  442. 

Composition.  Bitter  almond  oil  consists  of  benzaldehyde.  hydro- 
cyanic acid  and  phenyl  oxyaceto-nitrile  (benzaldehyde  cyanhydrin  or  the 
nitrile  of  mandelic  acid).  Upon  the  hydrolysis  of  aniygdalin,  benzalde- 
hyde and  hydrocyanic  acid  result  which,  upon  prolonged  contact,  unite 
to  form  phenyl  oxyaceto-nitrile: 

CeHsCH0    +    CSH    =  C0HbCH(OH)CN. 

IMnzaldebyde     miiroryipir  aclil     I'taeoyl  oxyftcetu-nltrlle. 

The  proof  that  bitter  almond  oil  contains  this  nitrile  was  brought 
by  Fileti*  in  1818.  Upon  reduction  of  bitter  almond  oil  he  obtained 
phenyl  ethyl  amine  whereas  a  fresh  mixture  oF  hydrocyanic  acid  and 
benzaldehyde  yielded  only  methyl  amine. 

Phenyl  oxyaceto-nitrile  is  readily  decomposable,  breaking  up  into  its 
components  when  distilled  with  water  vapor  or  in  a  vacuum.  It  must, 
therefore,  be  formed  after  the  distillation  of  the  oil.  It  is  formed  in  large 
quantities  when  the  oily  distillate  remains  in  contact  with  the  aqueous 
distillate  containing  the  hydrocyanic  acid  for  a  long  time. 

Inasmuch  as  the  sp.  gr.  of  the  nitrile  of  mandelic  (phenyl  glycollic) 
acid  is  high,  viz.  1.124,  the  density  of  an  oil  will  increase  with  the 
amount  of  nitrile  present.  Whereas  normal  oils  having  a  sp.  gr.  of 
from  1.052—1.058  contained  1.6 — 1  p.  c.  of  hydrocyanic  acid,  oils 
having  a  density  of  from  1.086—1.096  were  found  to  contain  9—11.4  p.  c. 
of  hydrocyanic  acid.  To  further  clear  up  these  relations  it  was  olwerved 
that  the  sp.  gr.  of  pure  benzaldehyde  changed  from  1.054  to  1.074 
when  allowed  to  stand  two  days  in  contact  with  a  20  p.  c.  aqueous 
solution  of  hydrocyanic  acid.2 

From  the  aliove  it  becomes  apparent  that  the  hydrocyanic  acid 
content  of  an  oil  will  vary  considerably  with  the  method  of  preparation. 
Por  medicinal  purposes,  therefore,  a  definite  percentage  strength  should 
ls>  required.8 

Examination.  Qualitative  test  for  hydrocyanic  acid.  In 
order  to  distinguish  a  hitter  almond  oil  containing  hydrocyanic  acid  from 
one  which  does  not  contain  this  acid  the  following  test  is  made  use  of; 

'}  (iaii.    chilli,    itttl.    S,    p.  446;    Be-        i)  Bertcht  von  »,  &  Co..  April  1S98.  p.  40. 
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10—15  drops  of  the  oil  to  be  examined  are  shaken  with  2 — 3  drops  of  a 
strong  (or  a  corresponding  amount  of  dilate)  soda  solution.  Several  drops  of 
ferrous  sulphate  solution  containing  some  ferric  salt  are  then  added,  the 
mixture  thoroughly  shaken  and  acidulated  with  dilute  hydrochloric  acid.  Upon 
solution  of  the  precipitate  of  ferrous  and  ferric  oxide  a  precipitate  of  Prussian 
blue  results  if  hydrocyanic  acid  was  present.  The  reaction  is  so  delicate  that 
even  minute  traces  of  hydrocyanic  acid  can  lie  detected  in  this  way. 

Assay  of  hydrocyanic  acid.  The  best  result*  are  obtained  by 
the  gravimetric  method  according  to  the  following  directions. 

1  g.  of  oil  carefully  weighed  is  dissolved  in  10 — 20  g.  of  alcohol  and  10  g. 
of  alcoholic  ammonia  (free  from  chlorine)  are  added.  After  standing  for  a 
short  time  I  g.  of  silver  nitrate  is  added  and  the  mixture  acidulated  with 
nitric  acid.  After  the  liquid  has  become  clear,  the  silver  cyanide  is  collected  on 
a  dried  and  weighed  filter,  carefully  washed  with  water  and  dried  at  a  temper- 
ature of  100°. 

The  silver  precipitate  obtained  in  this  way  represents  all  of  the 
hydrocyanic  acid  contained  in  the  oil.  II  the  oil  is  not  previously 
treated  with  ammonia  only  the  free  hydrocyanic  acid  is  estimated. 
The  ammonia  decomposes  the  phenyl  oxyaceto-nitrile.1 

More  convenient  is  the  volumetric  method  of  Vielhaber*  but  it  is 
less  accurate  because  the  end-reaction  cannot  be  recognized  with 
certainty.  Liebig's  method  for  the  estimation  of  hydrocyanic  acid  in 
bitter  almond  water  is  not  at  all  applicable  to  the  oil.  The  following 
directions  are  given  by  Kremers  and  Bchreiner : l 

1  g.  of  oil  is  carefully  weighed  in  a  small  Erlenmeyer  flask,  and  10  cc.  of 
a  mixture  of  freshly  prepared  magnesium  hydroxide  and  several  drops  of 
potassium  chromate  solution  are  added.  Sufficient  N/10  silver  nitrate 
V.  S.  is  added  with  constaut  shaking  until  the  formation  of  the  red  silver 
chromate  indicates  the  end  of  the  reaction.  In  order  to  obtain  the  percentage 
of  hydrocyanic  acid,  the  number  of  cc.  of  the  deci-normal  solution  used  are 
multiplied  by  0.0027. 

The  presence  of  foreign  oils  can  readily  be  detected  by  converting 
the  benzaldehyde  into  its  sodium  acid  sulphite  addition  product  and 
thus  separated  from  the  non-nldehyde  constituents. 

In  a  test  tube  of  fully  100  cc.  capacity  5  g.  of  the  oil  to  be  examined  and 
45  g.  of  acid  sulphite  solution  are  thoroughly  shaken.  60  cc.  of  water  are  added 
and  the  tube  placed  in  hot  water.  If  the  oil  was  pure  a  clear  solution  will 
result,  whereas  foreign  substances  will  rise  to  the  surface  and  can  be  examined. 

In  order  to  test  for  nitro-benzene  (oil  of  inirbane),  either  the  original  oil  or 
the  oil  Boating  on  the  sulphite  solution  is  dissolved  in  20  times  its  volume  of 
alcohol  and  the  solution  diluted  with  water  until  it  becomes  turbid.  Zinc  and 
sulphuric  acid  are  then  added  aud  the  solution  set  aside  for  several  hours. 
The  solution   is  Altered,   the  alcohol  evaporated  and  the  remaining  solution 

il  Pharm.  Review.  14,  p.  196.  >)  Archlv  d.  rharm.,  am.  p.  40S. 
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boiled  with  a  drop  of  potassium  bichromate  solution.  The  presence  of  aniline, 
resulting  upon  the  reduction  of  any  nitrobenzene  in  the  original  oil,  will  be 
recognized  by  the  violet  color  of  the  solution. 

The  most  common  adulterant  of  bitter  almond  oil,  whether  deprived 
of  hydrocyanic  acid  or  not,  is  artificial  benzaldehyde.  Inasmuch  as  the 
latter  is  almost  invariably  accompanied  by  chlorinated  products  the 
determination  of  chlorine  affords  the  easiest  method  of  detection  in  the 
following  manner :'- 

In  a  small  porcelain  capsule,  placed  within  a  larger  one  of  about  20  cm. 
diameter,  a  folded  strip  of  filter  paper  saturated  with  oil  is  placed  and  ignited. 
A  large  beaker  of  about  2  I.  capacity,  the  inner  surface  of  which  has  been 
moistened  with  distilled  water,  is  immediately  placed  over  the  burning  oil. 
The  products  of  combustion  condense  on  the  moistened  surface  of  the  beaker 
and  with  the  aid  of  a  little  distilled  water  are  washed  on  to  a  filter.  The 
filtrate  should  not  be  rendered  turbid,  much  lees  yield  a  precipitate  with  silver 
nitrate  T.  8.  Genuine  oil,  i.  «.,  oil  prepared  from  almonds  or  apricot  seeds 
never  yields  a  chlorine  reaction.  It  may  be  well,  however,  to  make  a  duplicate 
test  with  a  known  pare  oil  inasmuch  as  the  water  and  the  utensils  employed 
may  at  times  be  contaminated  with  some  chlorine. 

Inasmuch  as  a  benzaldehyde  free  from  chlorine  has  recently  been 
brought  into  the  market,  the  absence  of  chlorine  is  by  no  means  a 
sign  of  the  absolute  purity  of  an  oil.  In  all  cases,  however,  where 
chlorine  is  found  the  presence  of  artificial  benzaldehyde  may  be  regarded 
as  being  established.  The  presence  of  alcohol,  which  is  not  infrequently 
found,  can  be  determined  in  the  usual  manner. 

Preservation.  If  a  small  amount  of  benzaldehyde  be  exposed  to 
the  air  in  an  open  dish,  crystals  are  soon  formed  and  after  a  short 
time  the  oil  will  be  converted  into  a  magma  of  crystals  of  benzoic  acid. 
The  same  change  takes  place  if  the  oil  is  kept  in  half-filled  bottles. 
Bitter  almond  oil  should,  therefore,  be  kept  in  well-filled  bottles.  Ex- 
periments have  shown  that  the  addition  of  10  p.  c.  of  alcohol  will  act 
as  a  preservative.*  If  but  5  p.  c.  of  alcohol  are  added,  the  oxidation 
will  take  place  even  more  rapidly  than  when  undiluted.  Bitter  almond 
oil  containing  hydrocyanic  acid  is  not  as  readily  oxidized  as  the  oil 
free  from  acid.  The  hydrocyanic  acid  evidently  acts  in  a  manner 
similar  to  the  alcohol  when  10  p.  c.  are  used. 

173.    Oil  of  Cherry-laurel. 
Oleum  Laurocsrasi.  —  KirschlorbeerBI.  —  Essence  de  L»urler-Cerbte. 
Origin,  History  and  Preparation.     Cherry-laurel,    Prunus  lauro- 
cer&sus  L..  which  is  indigenous  to  Persia  and  the  Caucasus  and  which 

H  Berlcht  von  8.  *  Co..  Apr.  1890.  p.  29.  ')  Bertcht  von  S.  &  Co..  Apr.  1895.  p.  47. 
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is  cultivated  in  countries  with  a  temperate  climate,  appears  to  have 
become  known  in  Europe  since  the  beginning  of  the  sixteenth  century. 
The  aqueous  distillate  from  the  leaves  has  been  used  medicinally  since 
the  first  half  of  the  eighteenth  century  and  ite  poisonous  properties 
were  repeatedly  observed.  The  distilled  oil  is  mentioned  in  medical 
treatises  since  1780.  The  presence  of  hydrocyanic  acid  in  the  oil  was 
observed  simultaneously  by  Schaub  and  by  Schrader  at  the  beginning 
or  this  century. 

The  oil  from  the  leaves  closely  resembles  the  oil  from  bitter  almonds 
but  has  a  slightly  different  odor.  The  method  of  preparation  is  likewise 
similar  to  that  of  the  bitter  almonds.  The  cut  leaves  are  macerated 
with  water  and  the  mash  set  aside.  The  oil  thus  formed  is  distilled 
with  water  vapor.    The  yield  is  about  0.5  p.  c.  (Umney1). 

The  oil  is  formed  by  the  hydrolysis  of  laurocerasin,  a  glucoside 
closely  related  to  amygdalin,  but  not  identical  with  it.*  Being  hygro- 
scopic it  is  not  readily  obtained  in  the  crystalline  state,  but  results  as 
a  thick  syrup  or  an  amorphous  mass  upon  evaporation  of  the  alcoholic 
extract.  Laurocerasin,  CioHotNOso  is  made  up  of  one  molecule  of 
amygdalin,  CaoHnNOii,  one  molecule  of  amygdalic  acid,  CaoHigCia,  and 
six  molecules  of  water.  In  contact  with  emulsin,  the  amygdalin  of  the 
laurocerasin  is  broken  up  into  hydrocyanic  acid,  benzaldehyde  and 
grape  sugar.  The  amount  of  oil  obtainable  from  the  laurocerasin  is, 
therefore,  much  smaller  than  that  obtained  from  an  equal  weight  of 
amygdalin. 

Properties.  Oil  of  cherry-laurel  can  only  be  distinguished  from 
bitter  almond  oil  by  its  odor.  The  difference  in  odor  is  emphasized  by 
first  uniting  the  benzaldehyde  with  an  acid  sulphite.  Its  other  properties 
agree  with  those  of  bitter  almond  oil.  Its  sp.  gr.  is  1.054 — 1.066,  it  is 
optically  inactive  and  forms  a  clear  solution  with  2  parts  of  70  p,  c. 
alcohol. 

Inasmuch  as  cherry-laurel  oil  is  very  poisonous  on  account  of  the 
hydrocyanic  acid  contained  therein  sufficient  regard  should  be  had  for 
this  property  in  the  use  of  the  oil. 

Composition.  Like  bitter  almond  oil,  cherry-laurel  oil  contains 
benzaldehyde,   hydrocyanic  acid   and    phenyl   oxyaceto-nitrile   (Fileti,8 

i)  Pharra.  J  mini  ,  III.  B.  p.  T61. 

')  Lehmapn   (1874),  Neuea  Report.  I.  d.   Pharm..  28. 

ZelttKhr.  f.  Raul.,  24,  pp.  858.  S89,  8H3.  401.  — Bwtehtt,  1 

»)  dan.  chlni.  Hal.,  8,  p.  446;   Bericht*.  12,  p.  393. 


byGoogle 


144  Special  Part-. 

1878).  Awarding  to  Umney1  (1869)  hydrocyanic  acid  u  present  to  the 
extent  of  2  p.  e.  It  in  probable,  however,  that  the  percentage  varies 
as  in  bitter  almond  oil. 

According  to  Tilden2  (1875),  traces  of  another  substance  are 
present,  to  which  the  peculiar  odor  of  this  oil  is  probably  due.  If  the 
oil  is  shaken  with  sodium  acid  sulphite  solution,  a  dark  colored  oil 
remains  which  upon  oxidation  with  chromic  acid  yields  benzoic  acid. 
Tilden  supposes  this  substance  to  be  identical  with  benzyl  alcohol. 

Adulteration  and  Examination.  Oil  of  cherry-laurel  is  subjected 
to  the  same  kind  of  adulteration  as  bitter  almond  oil.  The  tests  are 
the  same  as  those  described  on  p.  440. 

174.    Oil  of  Wild  Cherry  Bark. 

The  bark  of  the  wild  cherry,  Prunns  virginiana  Mill.  {P.  serotina 
Ehrh.),  which  is  indigenous  to  North  America,  has  been  used  for  a  long 
time  by  the  natives  in  the  preparation  of  aromatic  beverages  and 
household  remedies  and  was  made  official  in  the  early  editions  of  tlie 
U.  8.  Pharmacopoeia.  That  the  distillate  from  the  bark  contains 
hydrocyanic  acid  was  observed  by  Procter8  in  1834.  In  1838  he 
showed  that  the  oil  does  not  preexist  in  the  bark  bat  results  by  a 
process  similar  to  that  taking  piace  in  the  formation  of  bitter  almond 
oil.*  A  more  detailed  examination  of  the  oil  was  made  by  Power  and 
Weimar5  in  1887. 

The  powdered  bark  when  macerated  yields  0.2  p.  c.  of  oil,  which 
resembles  the  oil  of  bitter  almonds,  consists  largely  of  benzaldehyde, 
and  contains  hydrocyanic  acid."    Sp.  gr.  1.045 — 1.050. 

According  to  Power  and  Weimar  the  bark  contains  no  amygdalin, 
but  a  substance  that  behaves  like  laurocerasin.  The  ferment  does  not 
consist  of  emulsin,  at  least  no  emulsin  can  be  isolated  according  to 
the  usual  method.  The  leaves  of  the  wild  cherry  tree  also  yield  an 
aqueous  distillate  containing  hydrocyanic  acid.7 


Hydrocyanic  acid  and  benzaldehyde  have  been  obtained  from  parts 
of  other  rosaceous  plants.  Tims,  e.  g.  from  the  leaves,  branches  and 
seeds  of  the  peach,   Pninus  persirti  Jess.,  from  the  seeds  and  the  fleshy 


\  Pharm.  RunilBcha.ii,  6,  p.  208. 

)  Berfcht  vnn  S.  &  Co.,  Apr.  ISilO.  p.  48. 

)  PhnrmnccijfimHie,  3rd  ed.,  p.  765. 
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pericarp  of  the  cherry,  P.  cerosas  L.,  from  the  seeds  of  the  plum,  P. 
domestics,  L.,  from  the  bark,  leaves,  flowers  and  seeds  of  P.  pndus  L., 
from  the  young  leaves  and  flowers  of  P.  spinosn  L. 

175.    Oil  of  Copaiba. 
Oleum  Balaaml  Coparrae.— CopaiTabalsamftL  —  Emm  de  Baume  de  Copanu- 

Origin.  Copaiba  balsam,  which  has  been  used  in  Europe  since  the 
beginning  of  the  sixteenth  century,  is  obtained  from  a  number  of  species 
of  Copaifera  (Family  Legutninonae)  which  are  indigenous  to  the  territory 
of  the  Amazon  and  its  tributaries  as  far  north  as  (Juayana,  Venezuela 
and  Columbia.  The  principal  species  are  Copaifera  officinalis  L.,  C. 
guainnensia  Deaf.,  C.  eoriaceii  Martius,  C.  La.ngsdortfii  Desf.,  C.  confetti- 
Born,  C.  oblougifolia  Martius  and  C.  rigida.  Bentham.  The  balsam  is 
allowed  to  flow  from  the  cavity  made  in  the  trunk  of  the  tree  by  means 
of  tin  tubes  into  the  vessels  used  for  its  transportation.  Occasionally 
the  trees  are  so  charged  with  balsam  that  the  receptacles  hurst  and  the 
balsam  exudes  from  the  vertical  cracks. 

Commercially,  the  balsam  is  distinguished  according  to  the  ports  of 
export.  The  most  important  varieties  are  the  Maracaibo  balsam 
(derived  principally  from  Copaifera,  officinalis)  and  the  Para  balsam, 
The  latter  is  more  fluid  and  inasmuch  as  it  yields  the  larger  percentage 
of  oil,  abt.  60 — 90  p.  c,  is  preferred  for  distillation.  Maracaibo  balsam 
which  is  more  viscid  yields  upon  distillation  ahout  40  p.  c.  of  oil.  A  like 
yield  was  obtained  from  a  Maranhiio  balsam. 

Properties.  Copaiba  oil  from  Para  or  Maracaibo  balsam  is  a 
colorless,  yellowish  or  brownish  liquid  possessing  the  characteristic 
pepper-like  odor  of  the  balsam,  and  a  bitter,  grating  and  persistent 
taste.  8p.  gr.  0.900—0.910;  aD  =  —  7  to  —35°.  The  boiling  temper- 
ature lies  between  250  and  275°.  It  is  not  completely  soluble  in  90 
p.  c.  alcohol.  Of  absolute  alcohol,  usually  equal  parts  are  requisite  to 
form  a  clear  solution.  According  to  Kremel,1  two  samples  of  para  oil 
yielded  no  saponification  number.  Dulifre*  examined  an  oil  of  unknown 
origin  and  of  a  high  specific  gravity,  viz.  0.91!>5,  and  found  a  saponifi- 
cation number  corresponding  to  4  p.  c.  of  sesquiterpene  acetate 
(CisHshOCOCHs).  After  acetylization  a  saponification  number  was 
obtained  corresponding  to  6.5— 7.3a  p.  of  acetate.8 

An  oil  from  Maranhao  balsam  had  thesp.  gr.  0.889  and  aD  =— 20°- 

<}  Pharm.  Pout,  21,  p.  822. 

*)  Ami.  de  Pharm.  (Louvalnl,  8,  p.  SS8:  4,  p.  11. 

*)  Berlcbt  toi>  S.  &  Co..  Oct.  1B9S,  p.  42;  Apr.  1898,  p.  «. 


byGoogle 


446  Special  Part. 

Composition.  The  only  known  and  well  defined  constituent  of 
copaiba  oil  is  the  sesquiterpene  caryophyllene,  CmHa*,  which  also  occurs 
in  oil  of  cloves.  If  fraction  250—270°  is  treated  according  to  Wallach ' 
with  glacial  acetic  acid  and  sulphuric  acid,  caryophyllene  hydrate 
CioHasOH  is  obtained  in  handsome  crystals  melting  at  96°.  By  the 
action  of  phosphorus  pentachloride  on  caryophyllene  hydrate  the 
chloride  CibHsbCI  melting  tit  63°  is  obtained.  The  nitroeochloride. 
characteristic  of  caryophylleue  and  melting  at  161—163°  with  decom- 
position, has  also  been  obtained. 

Blanehet2  (1833),  also  Soubeiran  and  Capitaine8  (1840),  obtained 
a  solid  hydrochloride  by  passing  hydrochloric  acid  into  copaiba  oil. 
One  product  melted  at  77°,  another  at  64".  The  analysis  agreed  with 
the  formula  (CioHia2HCl).  Later  investigators  have  been  unable  to 
obtain  a  solid  hydrochloride  from  either  Para  or  Maracaibo  oil.* 
Neither  Posselt8  ;(1896)  nor  Strauss8  (1868)  obtained  definite  results 
by  oxidizing  both  oils  with  nitric  acid.  Levy  and  Engl&nder7  (1887), 
who  oxidized  Para  oil  with  potassium  bichromate  and  sulphuric  acid, 
were  more  successful.  They  obtained  a  crystalline  acid  melting  at  140° 
which  was  identified  as  a  symmetric  dimethyl  succinic  acid,  CoHioO*. 
The  small  yield  of  but  1%  p.  c.  renders  it  doubtful  whether  this  acid 
owes  its  origin  to  caryopbyllene  or  to  some  other  minor  constituent  of 
the  oil.  According  to  Brix,  Maracaibo  balsam  oil  yields  upon  oxidation 
small  amounts  of  terepbthalic  acid.  The  same  oil  when  dried  over 
sodium  yields  a  blue  oil  which  has  the  composition  C2oHa»  +  HzO. 

Adulteration.  Copaiba  oil  is  more  frequently  used  as  an  adulter- 
ant than  adulterated  itself.  As  adulterant  gurjun  balsam  oil  only 
comes  into  consideration,  which,  however,  can  be  readily  recognized 
on  account  of  its  higher  specific  gravity  and  greater  optical  activity. 
The  oil  of  the  African  copaiba  balsam  (see  next  oil)  is  not  soluble  in 
an  equal  volume  of  absolute  alcohol  like  the  genuine  oil. 

176.    African  Copaiba  Balaam  Oil. 

Under  the  above  designation  there  appeared  several  years  ago  a 
balsam  from  West  Africa.  Although  its  botanical  origin  is  not  known, 
its  resemblance  to  the  South  American  balsam  renders  its  derivation 

1)  Lleblg'a  Annaten,  271 .  p.  294.  *)  Lleblg'a  Annalen,  69.  p.  67. 

i)  Lteblg'B  Annalen.  7,  p.  1S6.  *)  t.lehl^'B  Annalen,  148,  p.  14S. 

•  )  Ueblg'a  Annalen.  114.  p.  821.  H  LlebUj'a  Annalen.   242,  p.  182: 

*1  Brli  (1882),  Monattb.  1.  Chem.,  2,  p.  507;  liericbte.  IB,  pp.  8200,  8209. 
Vmncy  (1898).  I'hiirm.  Joum..  III.  24,  p.  2111. 
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from  a  copaifera  species  probable.  Upon  distillation,  Umney1  obtained 
37— 40  p.  c.  of  oil.  Sp.gr.  0.917— 0.918;  *D  =  +  20°42'.  Upon  passing 
hydrogen  chloride  into  fraction  240 — 270°  no  solid  hydrochloride  was 
obtained.  Neither  could  caryophyllene  hydrate  be  obtained  by  treat- 
ment with  glacial  acetic  acid  and  sulphuric  acid. 

177.    Cabrluva  Wood  Oil. 

Oabriuva,  Mjroenrpus  f&stigintus  Fr.  All.  (Family  Leguniinosae)  is 
a  handsome  tree  native  to  Brazil  that  acquires  a  height  of  8  meters 
and  more.  The  yellowish- white  flowers  are  very  fragrant,  the  odor 
resembling  that  of  a  mixture  of  vanilla  and  tolu  balsam.  The  wood  is 
counted  among  the  most  valuable  of  Brazil. 

The  oil  from  the  wood  was  examined  by  Schimmel  &  Co.2  It  is  of  a 
light  yellow  color  and  has  a  faint,  not  unpleasant  odor.  Sp.  gr.  0.9283 ; 
aD=— 8°29'.  From  100  k.  of  sawdust,  Peckolt«  obtained  4.3  g.  of  oil. 
Sp.  gr-  0.925  at  13°. 

178.  Carqneja  Oil. 

Genista  tridentata  is  supposed  to  be  the  plant  from  which  this  oil  is 
obtained.  This  leguminous  plant  grows  wild  in  Brazil  and  is  used  as 
a  domestic  remedy.4 

Carqueja  oil  is  yellow,  has  a  somewhat  narcotic,  camphor-like,  not 
unpleasant  odor.  8p.gr.  0.9962;  «d=- 31*15'  at  17°;  saponification 
number  190.5.  Upon  distillation  three-fourths  of  the  oil  distill  over 
between  200—300°  while  acetic  acid  is  split  off.  In  the  first  fraction 
cineol  could  be  identified.    A  viscid  mass  remained  in  the  flask. 

179.  Indigofera  Oil. 

According  to  van  Bomburgh,  the  leaves  of  Indigofera  galegoides 
D.  C.  (Family  Legum'moaae)  contain  a  substance  (possibly  amygdalin 
or  laurocerasin)  which  with  emu  lain  yields  hydrocyanic  acid  and  benz- 
aldehyde.  Upon  distillation  of  the  fresh,  macerated  leaves,  0.2  p.  c.  of 
oil  were  obtained. 

Indigofera  oil  is  light  yellow  in  color,  its  odor  resembles  that  of 
bitter  almond  oil  but  differs  from  it  in  being  herbaceous.  Sp.  gr.  1.046.6 
Besides  benzaldehyde  and  hydrocyanic  acid,  the  oil  contains  traces  of 

i)  I'liarm.  Journ.,  Ill,  92.  p.  453:  34.  p.  313. 

■')  Bertctat  von  a.  £  Co.,  Apr.  1896,  p.  69. 

•)  Catalogue  of  the  Nat.  Exhtb,  In  Rio,  1SS6,  p.  48. 

*)  Bertcht  von  S.  ft  Co..  Apr.  1896,  p.  70. 

•)  Berlcht  too  S.  4  Co.,  Oct.  1894,  p.  75. 
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ethyl  alcohol  and  also  small  amounts  of  methyl  alcohol.  The  latter 
was  identified  by  its  conversion  into  methyl  iodide  and  into  the  methyl 
ester  of  oxalic  acid  melting  at  54°.  If  the  leaves  were  digested  for 
24  hours  at  a  temperature  of  50°  before  being  distilled,  the  first  distil- 
late contained  larger  amounts  of  ethyl  alcohol  which,  however,  was 
formed  during  the  process  of  maceration.1 

ISO.    Sappan  Leaf  OIL 

The  leaves  of  Caes&lpinia  sappan  L.,  a  leguminous  tree,  from  which 
the-  sappan  wood  used  for  dyeing  is  obtained,  yields  according  to 
van  Romburgli  0.16  to  0.2  p.  c.  of  an  almost  colorless  oil,  sp.  gr.  0.825 
at  28°.  It  is  strongly  dextrogyrate,  <*o=  +87°  80*  to  +50°  30'  and 
boils  principally  at  170°.  The  odor  is  pepper-like,  reminding  of  phel- 
landrene.  With  sodium  nitrite  and  glacial  acetic  acid  so  large  an 
amount  of  phellandrene  nitrite  was  obtained,  that  the  bulk  of  the  oil 
may  be  regarded  as  d-phellandreue.  Upon  distillation  of  the  leaves, 
van  Romburgh  observed  the  occurrence  of  methyl  alcohol.3 

181.    Oil  of  Tola  Balsam. 

Oleum  Balsam)  Tolatanl.—Tolubalsainft'l.— Essence  dc  Ban  me  de  Tola. 

Origin  and  History.  The  statements  made  on  p.  420  concerning 
the  origin  and  preparation  of  American  storax  apply  in  general  to  tolu 
balsam  from  Toluifera  balsnmum  Milt.  It  is  prepared  in  the  southern 
states  of  South  America  and  has  been  used  for  a  long  period,  in  Europe 
since  the  middle  of  the  sixteenth  century. 

Upon  distillation  with  water  vapor,  the  solid  balsam  yields  1.5 — 3p.c. 
of  oil.  Slow  distillation  yields  a  light  oil,  whereas  rapid  distillation 
with  superheated  steam  yields  more  oil  of  a  higher  density.  The  sp.  gr., 
therefore,  varies  between  0.945—1.09.  The  oil  is  slightly  laevo-  or 
dextrogyrate,  ao——  0°58'  to  +  0°54'.  The  odor  is  pleasant,  highly 
aromatic  and  reminds  of  hyacinth. 

Composition.  The  older,  somewhat  contradictory  statements  give 
but  imperfect  information  concerning  the  composition  of  tolu  balsam 
oil.8  According  to  Kopp  the  hydrocarbon  boiling  at  about  170°  and 
having  an  elemi-like  odor  is  a  terpene  (possibly  phellandrene?).    Inas- 

i)  Herieht  von  S.  ft  Co.,  Apr.  1898,  p.  75. 

»)  Bericbt  tod  8.  *  Co..  Apr.  1898,  p.  57. 

«)  Devflle  (1841^,  Ann.  de  Chita,  et  Pbya., 
p.  304  —  Kopp  (1847),  Journ.  de  Ph»rm.  et  Co 
LleblR'B  Annalen.  97,  p.  71. 
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much  as  Bunse1  (187B)  has  shown  the  presence  of  benzoic  and  cin nam ic 
esters  of  benzyl  alcohol  in  the  balsam,  these  esters  are  probably  also 
contained  in  the  oil.  As  a  matter  of  fact  the  oil  has  a  high  saponification 
number  (abt.  180)  and  from  the  alkaline  saponification  liquor  crystalline 
acids  (presumably  cinnamic  and  benzoic  acids)  can  be  precipitated. 

182.    Oil  of  Myroxylon  Pernlfenun. 

From  the  leaves  of  the  leguminous  Myroxylon  peruiferam  L.  {.,  a 
tree  closely  related  to  the  Peru  balsam  tree,2  Peckolt8  obtained  a  Rinall 
amount  of  oil  with  a  faint  but  pleasant  odor  and  a  sp.  gr.  of  (1.874  at 
14°.  The  bark  yielded  two  oils,  one  having  the  Rp.  gr.  1.189  at  15°, 
the  other  0.924  at  17°.  The  oil  From  the  wood  had  a  faint  sassafraB 
odor  and  a  sp.  gr.  of  0.852  at  15°. 

183.    Oil  of  Rose  Geranium." 

Oleum  Geranlf.  —  Gera  niuni-  or  Pelargonium  oh  —  Essence  de  Geranium  Hose. 

Origin  and  History.  The  pelargoniums  which  are  indigenous  to 
South  Africa  and  which  are  now  largely  cultivated  as  decorative  plants 
were  introduced  into  Europe  in  1690  (Piesse*).  Rectus0  in  1819  first 
obtained  a  volatile  oil  from  the  leaven.  However,  Dem  arson  of  Paris, 
in  1847  was  the  first  to  cultivate  pelargoniums  for  the  distillation  of 
the  oil.  Since  then  their  cultivation  throughout  France  has  been  largely 
extended  and  was  introduced  into  Algiers  by  Chiris  and  Monk.  The 
production  in  the  latter  colony  now  exceeds  that  of  any  other  country. 
In  Spain  pelargoniums  were  cultivated  in  the  vicinity  of  Valencia  by 
Robillard.  Later  they  were  also  cultivated  in  the  province  of  Almeria. 
The  island  of  Reunion  has  entered  upon  the  cultivation  of  these  plants 
since  the  eighties  and  now  holds  the  second  position  in  the  manufacture 
of  the  oil.    Of  much  less  importance  are  the  plantations  in  Corsica. 

Preparation.  Three  species  and  their  varieties  are  principally 
cultivated,  viz.,  Feiargonium  odorutissimum  Willd.,  /'.  eapHxtum  Ait., 
and  P.  roseum  Willd.  The  last  is  regarded  as  a  variety  of  /'.  r&rfula  Ait. 
(SawerT). 


1)  Berichte,  'J,  p.  880. 

■')  Inasmuch  as  the  so-called  Peru  balsam   oil  cannot   be  ob 
tlon  It  In  not  Included  among  the  volatile  oils  lu  this  trratlne. 
»)  Zettachr.  d.  Hat.  Apt.-Ver..  17.  p.  49;  Jahreab.  I.  Pnarro., 
•>  The  Art  of  Perfumery,  4th  ed.,  p.  184. 
o)  This  oil  Ih  not  to  be  confounded   with  palmaroaa  oil  fro 

*)    Pliann.   Journ.,   I,   11,  p.  82.1. 
')  OdorogTaphla,  vol.  1,  p.  42. 
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The  oil  is  to  be  found  in  all  gTeen  parte  of  the  plant,  especially  in 
the  leaves.  The  flowers  are  perfectly  odorless.  The  plants  are  harvested 
before  they  blossom,  when  the  leaves  begin  to  get  yellow  and  after  the 
lemon-like  odor  has  given  way  to  the  more  rose-like  odor.  It  is 
reported  that  the  plants  grown  on  dry  soil  give  a  smaller  yield  but  a 
finer  oil  than  those  grown  in  irrigated  soil.  The  yield  varies  from 
0.15  to  0.38  p.  c. 

Properties.  Geranium  oil  is  a  colorless,  greenish  or  brownish 
liquid  of  a  pleasant,  rose-like  odor.  Sp.  gr.  0.89 — 0.900;  «d  =  —6  to- 
—  10°.  With  the  exception  of  the  Spanish  oil,  all  varieties  are  soluble- 
in  2—3  parts  of  70  p.  c.  alcohol.  The  saponification  number  varies, 
from  45  to  100  and  the  percentage  of  ester  calculated  as  geranyl 
tiglinate  from  IB  to  42  p.  c. 

The  constants  of  the  different  oil  varieties  are  as  follows: 

1.  French  oil.  Sp.  gr.  0.897— 0.905;  «D  =  —  7°30'  to  —9°. 
Geranyl  tiglinate  25—28  p.  c.  Forms  a  clear  solution  with  2 — 3  parte 
of  70  p.  c.  alcohol. 

2.  African  (Algerian)  oil.  Sp.  gr.  0.892— 0.90;  «D  =  -6° 30' 
to  —10°.    Geranyl  tiglinate  19—29  p.  c.    Solubility  same  as  No.  1. 

3.  Re-union  oil.  Sp.gr.0.889— 0.895;  «n=— 8°  to  — 11°.  Geranyl 
tiglinate  27—3-3  p.  c.  Solubility  same  as  No.  1.  This  oil  usually  hatt 
a  green  color  which  does  not  result  from  the  presence  of  copper  but 
from  one  of  the  compounds  contained  in  the  highest  fractions  which 
when  pure  is  possibly  blue  in  color. 

4.  Spanish  oil.  Sp.  gr.  abt.  0.897 ;  «D  =  — 10  to  — 11°.  Geranyl 
tiglinate  35 — 42  p.  c.  As  to  solubility  this  oil  differs  from  the  others 
inasmuch  as  the  solution  in  2—3  or  more  parts  of  70  p.  c.  alcohol  is 
rendered  turbid  by  the  presence  of  minute  crystals  of  paraffin  which  rise 
to  the  surface.  The  separation  of  oily  drops  at  the  bottom  of  the  tube 
would  indicate  adulteration  with  fatty  oil. 

5.  German  oil.1  This  oil  lias  been  distilled  by  way  of  experiment 
but  is  not  an  article  of  commerce.  Yield  0.16  p.  c.  Sp.  gr.  0.906; 
"d  =  —  16°.    Geranyl  tiglinate  27.9  p.  c. 

Of  the  commercial  varieties,  the  Spanish  oil  is  rated  highest.  French 
and  African  oil  are  about  alike  in  quality,  while  the  price  of  Reunion  oil 
is  somewhat  lower. 

The  oil  is  mostly  transported  in  tin  cans  and  often  acquires  a 
brownish  color  and  an  odor  of  rotten  eggs.    This  disagreeable  odor, 

<)  Berlcht  vod  8.  A  Co.,  Apr.  1894.  p.  S3. 
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however,  is  easily  removed  by  exposing  the  oil  to  the  air  in  shallow 
dishes  for  several  days.  As  soon  as  possible  the  oil  should  be  filled  into 
glass  containers. 

Composition.  The  principal  constituent  is  geraniol,1  CioHisO,  which 
is  contained  in  all  commercial  varieties  of  the  oil.  It  can  be  isolated 
by  treating  the  saponified  and  dried  oil  with  very  fine  calcium  chloride. 
The  addition  product  is  carefully  washed  with  ether  and  the  pure 
geraniol  separated  by  decomposing  the  compound  with  water.8 

Besides  geraniol,  a  second  alcohol,  CiuHaoO,  which  has  been  identified 
as  citronellol  by  Tiemann  and  Schmidt8  has  been  found  in  the  oil.  It 
occurs  to  a  larger-extent  in  the  oil  from  Reunion.  Mixtures  of  these 
alcohols  have  been  described  as  "Rhodinol  de  Pelargonium"  by  Barbier 
and  Bouveault4  and  as  "Reuniol"  by  Hesse.8 

The  percentage  of  geraniol  and  citronellol  in  the  various  commercial 
varieties  has  been  determined  by  Tiemann  and  Schmidt:8  The  Spanish 
oil  contains  70  p.  c.  of  alcohols,  of  which  65  p.  c.  are  geraniol  and 
85  p.  c.  citronellol.  The  African  oil  contains  75  p.  c.  alcohols  of  which 
80  p.  c.  is  geraniol  and  20  p.  c.  citronellol.  The  Reunion  oil  contains 
80  p.  c.  of  equal  parts  of  geraniol  and  citronellol.  In  all  of  these  oils 
the  citronellol  is  a  mixture  of  the  dextro-  and  laevogyrate  modifications. 
The  lower  fractions  of  the  oil  contain  a  third  alcohol,  in  all  probability 
linalool.    (Barbier  and  Bouveault).8 

The  acids  which  were  separated  from  the  Ij'e  after  saponification 
boiled  between  100  and  210°,  and  in  part  solidified.  The  solid  acid 
melted  at  64 — 65°.  Its  silver  salt  and  its  dibromide'  melting  at  87° 
identify  it  as  tiglinic  acid.7  The  liquid  acid  mixture  apparently  consists 
of  valerianic,  butyric7  and  acetic6  acids. 

Jeancard  and  Satie8  have  found  that  the  amount  of  free  acid  in 
geranium  oil  increases  when  the  oil  is  kept  in  partly  filled  bottles.  An 
oil  which  originally  showed  an  acid  number  of  56,  after  two  months 
standing  had  increased  to  66.73.'  The  same  authors  also  made  a 
comparative  examination  of  the  different  commercial  varieties  of  the  oil. 

i)  Jahresb.  d.  Chem.,  187(1,  p.  942. 

>}  Jonrn.  I.  prakt.  ('hem.,  II.  49,  p.  191. 

')  B*rlcbte,  20.  p.  824. 

*)  Compt.  rend..  119,  pp.  2H1  ft  334. 

»)  Journ.  f.  prakt.  Chem.,  II,  50,  p.  472;  58,  p.  288. 

«)  Compt.  rend.,  119,  p.  281. 

'>  Berlcht  von  S.  ft  Co.,  Apr.  1894,  p.  31.  It  would  be  o(  Interest  to  reexamine 
tbr  aqueous  distillate  of  Pelargonium  ro/ienm  In  order  to  ascertain  whether  or  not  the 
ptluncoalc    acid   of   Plena   (18461   (Lleblg's  Annalen,   59,   p.  541,  may   reveal  Itself  as  a 

*)  Bull.  Soc.  ehlni.  HI,  28,  p.  87. 
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Geraniol  anil  citron  ell  ol  are  contained  in  the  oil  both  free  and 
combined  with  acids.  The  esters  of  citronellol  are  more  strongly 
optically  active  than  the  alcohol.  I(  geranium  oil  in  saponified  with 
alcoholic  potassa  the  angle  of  rotation  ie  less  after  the  saponification 
than  before.1 

Of  minor  constituents  1-inenthone  remains  to  be  mentioned.  It  was 
identified  by  Flatau  and  Lahbe"a  by  means  of  the  semicarbazone  melting 
at  179.5°.  In  the  highest  fractions  a  crystalline  substance  melting  at 
63"  has  l<een  found  which  resembles  the  stearoptene  from  oil  of  rose. 
Judging  from  the  behavior  of"  the  oil  to  70  p.  c.  alcohol,  thin  paraffin 
occurs  in  largest  amounts  in  the  Spanish  variety. 

Adulteration  and  Examination.  Geranium  oil  is  adulterated  with 
turpentine  oil,  cedar  wood  oil  and  fatty  oils,  all  of  which  can  be  recog- 
nized by  their  insolubility,  in  70  p.  c.  alcohol.  Fatty  oil  remains  behind 
upon  distillation  with  water  vapor  and  can  be  detected  without 
difficulty. 

184.    Oil  of  Garden  Nasturtium. 

The  odor  of  the  leaves  of  Tropaeolum  majun  L.  (Family  Tropneoln- 
ceae)  having  an  odor  similar  to  that  ot  the  cress,  induced  Hofmanna  in 
1874  to  examine  the  oil.  300  k.  of  flowering  herb  and  unripe  seeds  were 
distilled  with  water  vapor.  The  aqueous  distillate  was  shaken  with 
benzene  and  upon  evaporation  of  the  benzene  75  g.  (=0.025  p.  c.)  of 
oil  were  obtained. 

The  oil  boiled  between  l(i0 — 300°  leaving  a  not  inconsiderable  residue. 
Only  the  first  fractions  contained  sulphur  and  had  an  unpleasant  odor. 
the  others  not.  The  bulk  of  the  oil  distilled  at  about  231.9°.  This 
fraction  was  a  liquid  of  strong  refractive  power,  sp.  gr.  1.0146  at 
18°,  and  when  acted  upon  with  caustic  potassa  gave  off  large  quantities 
of  ammonia.  Analysis  showed  it  to  be  the  nitrile  of  phenyl  acetic  acid. 
The  principal  constituent  of  the  oil,  therefore,  is  the  same  as  that  of 
Lepiditim  sativum  L.  The  same  substance  was  found  in  the  lower  and 
higher  fractions  of  the  oil  together  with  a  hydrocarbon  not  farther 
investigated. 

Quite  different  results  were  obtained  recently  by  Gadamer.4  He 
prepared  the  oil  by  extracting  the  juice  from  the  comminuted  herb  with 
ether,  also  by  distilling  the  carefully  comminuted  herb  and  extracting 
the   aqueouH   distillate   with  ether.    4  k.  of  herb  yielded  1.3  g.    of  a 
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brownish  colored  oil  the  cress-like  od(jr  of  which  became  especially 
marked  when  warmed.  With  ammonia  the  oil  yields  almost  quanti- 
tatively benzyl  thiourea  melting  at  162°,  thus  showing  that  the  oil 
consists  almost  entirely  of  benzyl  mustard  oil. 

This  mustard  oil  owes  its  origin  to  the  decomposition  of  a  glucoside, 
the  glucotropaeolin,  Ci*HisKN8aOo  +  xHsO  by  means  of  a  ferment. 
Inasmuch  as  the  glucoside  and  ferment  are  contained  in  separate  cells, 
the  formation  of  the  benzyl  mustard  oil  takes  place  only  when  the 
cell  walls  are  ruptured  and  both  substances  can  act  on  each  other. 
If  the  cell  wall  is  not  destroyed  before  distillation,  the  ferment  is 
rendered  inactive  by  the  heat  before  it  can  act  on  the  glucoside.  This 
is  then  decomposed  during  the  process  of  distillation  with  the  formation 
of  the  nitrite  of  phenyl  acetic  acid  (benzyl  cyanide).  If  it  is  assumed 
that  Hofmann  did  not  sufficiently  comminute  his  crude  material,  the 
results  obtained  by  him  are  explained. 

185.  Oil  of  Coca  Leaves. 

The  presence  of  an  oil  in  the  coca  leaveH  was  first  observed  in  1860 
by  Niemann1  and  Lossen.2  The  leaves  of  Erythroxylon  coca.  Lam. 
var.  apruceanum  Brck.  (Family  Erythroxylncme)  contain  variable 
amounts  of  oil  according  to  their  development.  Van  Komburgh8 
obtained  from  young,  undeveloped  leaves  0.13  p.  <•„  from  fully  developed 
leaves  only  0.06  p.  c.  of  oil.  It  consisted  principally  of  methyl  salicylate 
with  small  amounts  of  acetone  and  methyl  alcohol. 

186.  Oil  of  Gnaiac  Wood. 

Oleum  Llgni  (Jiwjaci.  -  Guajakholzfil.— Esaenee  de  Boh  fJa'iac. 
Origin  and  Preparation.  Balneum  sarmienti  Lor.  is,  according  to 
Urisebach,4  a  tree  40 — 60  feet  in  height,  belonging  to  the  family 
Zygophyilacette,  and  is  indigenous  to  the  Argentine  province  of  Gran 
Chaco  about  half  way  up  the  Rio  Berjemo.  The  wood,  very  similar  to 
the  ordinary  guaiac  wood  from  Guajtwum  officinale  L.,  occurs  since  the 
year  18&2  as  Palo  balsa-mo  in  commerce.  It  is  exceedingly  solid  and 
tenacious,  and  is  colored  greenish  blue  on  exposure  to  the  air,  which 
allows  of  drawing  the  conclusion  that  guaiac  resin  is  present.    By  distil- 
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lation  the  wood  yield*  5—6  p.  c.  of  oil.  which  was  first  prepared  by 
Schimmel  &  Co.1  and  brought  into  commerce  ns  oil  of  guaiac  wood.2 

Properties.  Oil  of  guaiao  wood  is  a  viscous,  heavy  oil,  which  at 
ordinary  temperature  gradually  solidifies  to  a  crystalline  mass.  When 
it  has  solidified,  it  does  not  melt  again  until  between  40  and  50°.  The 
odor  of  the  oil  is  very  pleasant,  being  violet-  and  tea-like.  The  specific 
gravity  lies  between  0.96."i  and  0.97-~>  at  30°,  the  angle  of  rotation 
is  —6  to  —  7°  at  80°.  The  oil  is  soluble  in  7(1  p.  e.  alcohol.  The 
saponification  number  found  of  an  oil  was  3.9,  the  ester  number  H.4 
and  the  acid  number  1.4.* 

Composition.  The  crystalline  constituent  of  the  oil  is  guaiac  alcohol 
or  guaiol  (WaUach*),  a  sesquiterpene  hydrate  CibH2«0.  Guaiol  is  an 
odorless  body,  crystallizing  in  la.rge  transparent  prisms,  and  melting 
at  91°. B  It  boils  under  ordinary  pressure  at  288°,  under  10  mm. 
pressure  at  148°.  Its  solution  in  chloroform  is  laevogyrate.  With 
dehydrating  agents  a  hydrocarbon  CisHai  is  formed,  accompanied  by 
an  intensely  blue  substance.  On  boiling  guaiol  with  acetic  acid  an- 
hydride a  liquid  acetyl  compound  is  produced  which  boils  at  155°  under 
a  pressure  of  10  mm.  The  odoriferous  constituent  or  the  oil  has  not 
yet  been  investigated. 

The  oil  is  used  in  the  perfume  industry  for  the  purpose  of  producing 
a  tea-rose  odor.  Recently  it  is  being  employed  in  Bulgaria  as  an 
adulterant  for  oil  of  rose  (p.  43G). 

187.   Japanese  OH  of  Pepper. 

The  fruit  of  Xnntboxylnm  piporitum  D.  C.  (Family  Hutaceae)  known 
as  Piper  japonicum  or  Sansho  (Japanese),  yields  upon  distillation6  with 
water  3.16  p.  c.  of  a  yellowish  oil  of  a  pleasant  oilor  reminding  of 
lemon.    Sp.  gr.  0.973;  b.  p.  100—230°. 

The  oil  was  investigated  by  Stenhouse7  in  1857.  who  established 
the  presence  of  a  terpene  boiling  at  102°,  xanthoxylene  (pinene  or 
camphene?).  as  well  as  a  crystalline  body  CioHnOt.  The  main  con- 
stituent of  the  oil  is  citral,"  CioHisO. 
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188.    Oil  of  Xantboxylnm  Harailtouiannm. 

The    seeds    of    Xiwthoxylum    h&tniltonmnum1    yield    according   to 

Helbing8  3.84 — 5  p.  e.  of  volatile  oil  ol  the  up.  gr.  0.840.    It  is  colorless 

and  has  a  pleasant  persistent  odor,  reminding  of  a  mixture  of  geranium 

and  bergamot  oils. 

189.    Oil  of  Rue. 

Oleum  Rntae.— RautenSI.  —  Essence  de  Rue. 
Origin  and  Hibtqry.  Garden  rue,  Rata  grnveohus  L..  belonging  to 
the  family  Ratuee&e,  is  indigenous  to  the  Mediterranean  countries 
and  is  cultivated  in  different  countries  having  a  moderate  climate. 
It  contains  about  0.06  p.  c.  of  volatile  oil,  which  gives  to  the  plant 
a  peculiar  aromatic  odor  and  taste  which  gave  rise  to  its  use  as 
a  kitchen  spice.  In  ancient  times  the  plant  was  employed  as  a  remedy, 
especially  for  scurvy  and  snake  bites. 

The  first  mention  of  oil  of  rue  (although  possibly  of  the  fatty  oil) 
is  found  in  Saladin's  writings.  Gesner  distilled  the  oil  about  the  middle 
of  the  sixteenth  century  and  the  same  is  mentioned  in  the  price  ordi- 
nances of  the  cities  of  Berlin  for  the  year  1574  and  of  Frankfurt  for  the 
year  1582,  and  in  the  Dispensutorium  Noricum  of  the  year  1589. 

The  yield  of  volatile  oil  from  rue  was  first  determined  by  Cartheuser 
in  the  beginning  of  the  eighteenth  century.  The  oil  was  investigated 
by  Neumann  and  Milhl  in  Rostock  in  the  year  1811, 8  by  Will  in  the 
year  1840,*  Cahours  in  1845,"  Gerhard  in  1848,8  Williams  in  1858,* 
Hallwaehsin  1859,*  Harbordtin  1802.»  Giesecke  in  1870 10  and  Gorup- 
Besanez  and  Grimm  in  1871. ll 

■    Properties.    Oil  of  rue  is  a  colorless  to  yellow  liquid  of  an  intensive 
persistent  rue  odor,  which  is  pleasant  only  when  greatly  diluted. 

Its  specific  gravity  is  lower  than  that  of  all  known  volatile  oils  and 
lies  between  0.8^-H  and  0.840.  Oil  of  rue  is  slightly  dextrogyrate 
(uD  =  +  0°18'  to  +  2°  10')  and  solidifies  at  a  low  temperature.  Ite  solidi- 
fication point  lies  between  +  8  and  +  10°. IS  During  the  distillation 
very   little  passes  over   up   to   200°,  the  largest    portion   boils   from 

i)  Erodln  feaxlnlfDU*  wa*  originally  «)  Lteblg's  Ai.nalen.  «7.  p.  342. 

given  as  the  eource  ol  tMB  oil.  *)  LieblK'B  Annalen,  107.  p.  874. 

•I  Jahreeb.  f.  Fharm..  1SS7.  p.  157;  »1  Lieblg'n  Annalen,  118.  p.  107. 

and  1888,  p.  13S.  »)  Lleblg'a  Annalen.  128,  p.  288. 

*)  Trommedorff'H  Jmirn.  d.    Fhnrm.,  >«)  ZeUerhr.  fflr  Chemle,  18.  p.  428. 

30,  II,  p.  38.  ii)  Uebljt'a  Annalen,  157.  p.  275. 

«)  Lleblg-B  Annalen,  85.  p.  una.  ")  Bericbt  von  S  A  Co.,  Oct.  1888,  p.  05. 

»)  Compt.  rend..  211,  p.  2(12. 
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215  to  282°  (Umney,1  1805).     The  oil   forms  a   clear   solution   with 
2—8  parts  of  70  p.  c.  alcohol. 

Composition.  Theonly  constituent  which  has  been  positively  identified 
is  methyl  nonyl  ketone,*  CHsCO.C»Hi9.  Besides  this  body,  which  forms 
about  90  p.  c.  of  the  oil,  there  is  contained  in  it  according  to  Williams8 
laurinic  aldehyde.  CiaHa-tO  (b.  p.  232°).  This  assertion  is.  however,  too 
little  supported  by  facta  and,  therefore,  makes  the  presence  of  this 
aldehyde  in  oil  of  rue  appear  still  doubtful. 

The  terpene  found  by  different  investigators  can  in  all  probability 
be  traced  to  adulteration  with  turpentine  oil. 

For  the  preparation  of  pure  methyl  nonyl  ketone  the  oil  is  shaken 
with  sodium  bisulphite  solution,  the  resulting  mixture  made  fluid  with 
ether,  then  pressed,  and  the  operation  of  washing  out  and  pressing 
repeated  several  times.  The  disintegrated  press  cakes  are  decomposed 
by  alkali  solution.  The  separated  oil  is  purified  by  distillation  with 
steam. 

Methyl  nonyl  ketone  has  the  specific  gravity  0.8295  at  17.5°;  it  boils  ' 
at  224°  and  melts  at  +15°.*  According  to  H.  Caret teB  it  boils  at 
226°  under  766  mm.  pressure  (corr.  230. 65°)  and  at  121—122°  under 
a  pressure  of  24  mm.  (corr.  122—123°).  Curette  also  prepared  the 
ox  hue  by  treatment  with  hydroxy!  amine  liydntchloride  and  alkali. 
M.  p.  46°. 

Examination.  As  the  value  of  the  oil  of  rue  depends  on  the  amount 
of  the  methyl  nonyl  ketone  present,  the  determination  of  its  solidification 
point  gives  a  valuable  criterion  for  judging  the  oil.  This  determination 
is  conducted  as  described  on  page  187. 

Alt  foreign  additions  lower  the  solidification  point  which  lies  at  +  8 
to  +  10°  with  good  oils,  they  also  raise  the  specific  gravity  (with  the 
single  exception  of  petroleum). 

Petroleum  like  turpentine  oil  is  detected  by  it  insolubility  in  70  p.  c. 
alcohol.  Turpentine  oil  can  be  further  identified  by  fractional  distillation. 
The  portions  boiling  below  200"  are  collected  separately  and  tested  for 
pinene.    With  a  pure  oil  not  more  than  .">  p.  c.  distill  over  below  200.* 

Adulterants  may  also  1«  separated  from  the  methyl  nonyl  ketone  by 
the  bisulphite  method  described  under  Composition  and  then  identified 
as  such. 

i)  Pharm.  Jnurn..  III.  3.1,  p.  1044.  *>  Mtwbr.  I.  Chemle,  IS.  p.  43H. 

31   Main's  Acnalen,  1ST.  p.  UTS.  <>>  Journ.  de  Pharm.  et  rhlro.  VI,  10,  p.  305. 

'I   LleblK'a  Annalin,  kit,  p.  8T4.  *>  Pharm.  .loorn..  Ill,  33,  p.  1041. 
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190.    Boronia  Oil. 

An  oil  distilled1  in  Victoria  (Australia)  from  Boronia,  polygalifolia 
(Family  Rataceae)  had  a  sweet  odor,  reminding  of  estragon  and  some- 
what of  rue.    Specific  gravity  0.839  (!) ;  aD'=  +  10°. 

Upon  fractional  dint  illation  of  the  oil.  there  came  over  from  150 — 170° 
31  p.  c,  from  170—180°  38  p.  c,  from  180—190°  15  p.  c,  and 
above  190°  16  p.  .-. 

191.    Oil  of  Bnchn  Leaves. 

Oleum  Buccu  Follorum.— •JlnccubUtterol.  — Essence  de  Fenllles  de  Buco. 

Origin  and  History.  The  genua  liarosmu  belonging  to  the  family 
Ratimeae  is  distributed  in  southern  Africa  in  various  species.  The  resin- 
and  oil-containing  leaves  of  these  shrubs  appear  to  have  been  used  for 
a  long  time  by  the  natives  as  a  medicine.  In  the  year  1820  the  leaves 
were  brought  from  I'apetown  through  London  into  the  European  market 
(Reece2).  Since  the  latter  twenties  they  have  been  made  official  in  most 
of  the  pharmacopoeias. 

In  commerce,  round  and  long  buchu  leaves  are  distinguished :  the 
first  are  the  leaves  of  B/iru.smn  hetuliua,  Bartl.,  and  B.  crenulnta,  L., 
the  second  those  of  B.  aerratifolia  Willd.  The  latter  are  sometimes 
adulterated  with  the  leaves  of  Empieuram  semilatum  Ait." 

The  volatile  oil  of  buchu  whk  prepared  in  1827  by  Brandes.*  It 
was  investigated  by  Fliickiger  in  1880,  by  Spica  in  1884,  by  Shimoyama 
in  1888  and  by  Bialobrzeski  in  1890.  From  the  leaves  of  Barnama. 
betulina  there  are  obtained  by  distillation  1.3 — 2  p.  c.  of  oil,8  from 
which  separate  even  at  ordinary  temperature  crystals  of  diosphenol. 
The  liquid  portion  separated  from  this  has  the  sp.  gr.  0.957—0.97  at 
15°.  The  density  of  a  normal  oil  which  had  been  warmed  to  27°  in 
order  to  dissolve  all  the  diosphenol,  was  0.943. 

The  leaves  of  Barosmn  serratiftilia  yield  only  0.8—1  p.  c.  The  oil, 
poor  in  diosphenol  and  liquid  at  the  ordinary  temperature,  has  the 
sp.  gr.  0.944—0.901  at  13°. 

Oil  of  buchu  leaves  is  dark  in  color  and  has  a  strong  camphor-  and 
mint-like  odor  and  a  bitter,  cooling  taste. 

0  Imperial  Institute  Journal,  2,  p.  302;    Pharm.  -lourn.,  57,  p.  199. 
•1  Monthly  Oaiette  of  Health.  London,  Fen.  1821.  p.  TU9. 

*)  PrantTa  Lehrbuch  der  Botnnlk,  von  Ferd.  Pax,  p.  8.1t3 :    Pharmacofcr&phtti,  p.  110. 
*)  Archlv  der  Phnrm.,  22.  p.  221). 
,      »)  Berlcht  von  H.  &  Co.,  Apr.  1891.  p.  6:  Pharm.  Journ..  III.  23.  p.  796. 
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Composition.1  The  stearoptene  crystallising  from  oil  of  buchu  leaven 
in  the  cold  in  a  phenol  of  the  formula  CiuHmOa.  Diosphenol,  as  the 
body  has  been  called,  melts  at  H2°,  boils  under  14  mm.  pressure  at 
112°,  under  ordinary  atmospheric  pressure  at.  232°  with  partial  decom- 
position, and  is  optically  inactive.  With  ferric  chloride  it  gives  a  dark 
green  color  reaction.  Besides  its  properties  as  a  phenol,  diosphenol 
shows  the  behavior  of  an  aldehyde  as  it  reacts  with  hydroxylamine 
and  phenyl  hydrazine.  Opposed  to  the  supposition  that  an  aldehyde 
group  is  present  in  diosphenol  is  the  fact  that  by  the  action  of  alcoholic 
potassa  and  heat  an  acid  CioHisOs+  HuO,  diolic  add  m.  p.  96°,  is  pro- 
duced, whereas  from  an  aldehyde  CioHmOs  the  acid  OioHiaOa  and  the 
alcohol  CioHihOs  would  be  expected.  Upon  reduction  diosphenol  yields 
diotalcohol,  Ch.HinOb,  crystals  melting  at  159°;  upon  oxidation  with 
moist  silver  oxide  or  permanganate,  a  liquid  acid  Ci«Hi«0«  results. 

The  remaining  constituents  of  the  oil  boil  lower  than  diosphenol. 
In  the  first  portion  is  contained  a  hydrocarbon  CioHis  of  the  boiling 
point  174  to  176°  (at  14  mm.  from  65—67°).  This  hydrocarbon  forms 
a  mobile,  strongly  active  liquid  of  a  pinene-like  odor.  Sp.  gr.  0.8647; 
J>]d=-J-6O°40'. 

The  fraction  boiling  from  20G — 209°  consists  of  a  slightly  laevo- 
gy rate  ketone  (["■][>=— G°  12')  CinHisO,  which  possesses  a  pure  pepper- 
mint-like odor.  With  hydroxylamine  it  yields  a  viscous  oxime,  slightly 
dextrogyrate  and  boiling  between  134 — 135°  under  a  pressure  of  IS  mm. 
The  ketone  is  probably  identical  with  laevogyrate  menthone.  as  its 
reaction  with  bromine  also  indicates,  with  which  it  forms  an  oily  com- 
pound of  the  composition  CioHi7BrOBra. 

192.    Oil  of  Emplenrnm  Serralatum. 

The  leaves  of  Empleurum  serrulRtum  Ait.,  which  are  now  and  then 
mixed  in  with  the  long  buchu  leaves,  contain  0.64  p.  c.  of  volatile  oil.2 
the  odor  of  which  reminds  of  rue  and  is  quite  different  from  that  of 
buchu  leaves.  Sp.  gr.  0.9464.  It  boils  between  200  and  235°,  for  the 
greater  part  between  220  and  230°.  From  this  fraction  a  crystalline 
compound  is  obtained  by  treating  with  sodium  bisulphite,  which  seems 
to  indicate  the  presence  of  methyl  nonyl  ketone,  the  main  constituent  of 
oil  of  rue. 

i|  FWcklffer  (14MI).  IMiarm.  Jonrn..  Ill,  11,  pp.  174  and  21B—  Bpica  (1883)  Gawttn 
chlm.  Ital.,   13,  p.    1U5:   Abulr.    Jahr**b.    f.  I 'hem..   1885,    p.  51k— H  him  uj  a  ma    (1SSS). 


)  Fharm.  Jonrn 


(1M96).   fharm.  : 

ram.  I.  praltt.  ('hem.,  II.  M,  ■ 
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193.    Oil  of  Jaborandi  Leaves. 

Oleum  Follorinn  Jaborandi.  —  Jaborandi  Matt*  rol.  —  Essence  de  Penilles 
de  Jaborandi. 

The  genuine  jaborandi  leaves  from  Pilocarpus  jaborandi  Holmes1 
(Family  Rutaceae)  yield  upon  distillation  0.2—1.1  p.  c.  of  volatile  oil,8 
the  yield  depending  upon  the  freshness  of  the  material.  It  has  a  strong 
odor  reminding  somewhat  of  rue  and  a  mild,  fruity  taste.  8p.  gr.  0.805— 
0.805;  ao=  +  3°2"/.  It  dissolves  in  2  parts  of  80  p.  c.  alcohol  to  a 
clear  solution.  It  boils  from  180—290"  and  sometimes  solidifies  on 
cooling. 

By  fractionation  a  hydrocarbon  called  pilocarpene  (Hardy8)  (sp. 
gr.  0.852  at  18°,  [«]d  =  + 1.21°)  can  be  isolated,  which  forms  with 
hydrochloric  acid  a  solid  dihydrochloride.  According  to  this,  pilocarpene 
appears  to  be  dipentene  accompanied  by  small  amounts  of  an  optically 
active  substance.  Kleber*  has  also  found  methyl  nonyl  ketone  and 
homologous  ketones. 

The  fractions  boiling  above  200°  solidify  in  the  cold  and  contain  a 
compound  melting  at  27—28°  which  is  evidently  a  hydrocarbon  as  it  is 
capable  of  taking  up  considerable  amounts  of  bromine  in  petroleum 
ether  solution  and  probably  belongs  to  the  oleflnic  series." 

Jaborandi  bark  contains  but  very  little  volatile  oil. 

194.     Oil  of  Angostura  Bark. 

Origin  and  Propebties.  The  genuine  angostura  bark  from  Cusparia 
trifoliata  Engl.  {Galipea  cusparia  St.  Hi).,  0.  officinalis  Hancock) 
(Family  Rutaceae)  coming  from  Venezuela  and  the  upper  Orinoco 
districts,  yields  hy  distillation  with  steam  1.5*— -1.9 T  p.  o.  of  volatile 
oil  of  an  aromatic  odor  and  taste.  It  is  slightly  yellow  at  first,  but 
later  becomes  much  darker.  Sp.  gr.  0.93—0.96;  angle  of  rotation  "0= 
—36°  to  —50°. 

Composition.  According  to  an  extensive  investigation  by  Becknrts 
and  Troeger8  the  sesquiterpene  alcohol,  galipol,  CibHshO,  is  the  aromatic 
principle  of  angostura  oil.      It    boils   between  200  and  270°.  has    the 

")  Pharm.  Journ.,  55.  pp.  522,  589. 
>)  Berleht  Ton  S.  &  Co.,   Apr.  1SSH,  p.  44 

*)  Bull.  Soo.  ihlm.,  II,  24,  p.  497:  Abdtr.  Chem.  Centralbl..  l«7o.  p.  70. 
*)  Private  communication. 
<>)  Berleht  von  S    ft  Co.,  Apr.  1899,  p.  38. 
«)  Berleht  von  S.  &  Co..  Apr.  1S90,  p.  47. 

')  Journ.  de  Pharm.  etchlm..  (V,  2H,  p.  1BO:  Abstr.  Jahrenb.  d,  Pharni.,  1877,  p.  17S. 
■  )  Arch  It    q.     Pharm.,    285.    pp.    SIS    and    684:   Ibid.,   M8fi,  p.   892.  —  t'omp.    alao 
BecltnrW  ft  K«hrtn«.  Archlv  d.  Pharm..  229,  p.  612:  also  Henna,  ibid.,  148,  p.  140. 


byGoogle 


460  Special  Part. 

Bp.  gr.  of  0.9270  at  20°  and  is  optically  inactive.  The  highly  unstable 
alcohol  when  heated  splits  off  water,  and  is  contained  in  the  oil  to  the 
extent  of  about  14  p.  c. 

A  prominent  constituent  of  the  oil  is  cadinene  C111H24,  which  is  the 
cause  of  the  laevogyrate  rotation ;  it  was  characterized  by  its  crystal- 
line hydrochloric  acid  addition  product. 

Besides  the  laevogyrate  cadinene  and  the  inactive  alcohol  there  is 
contained  in  angostura  oil  an  inactive  sesquiterpene,  called  galipene. 
This  boils  at  255—260°  and  has  the  sp.  gr.  0.912  at  19°.  It  forma 
liquid,  easily  decomposed  compounds  with  the  hydrohalogens. 

A  terpene  is  found  in  small  amounts  in  angostura  oil,  which  appears 
to  be  pinene. 

195.    Toddalla  Oil. 

Toddalia  ucule&tu  Pers.  (Family  Rutace&e)  is  a  shrub  which  grows 
wild  in  the  Nilgiri  mountains  (India)  and  which  is  there  called  wild 
orange  tree.  All  parts  of  the  plant  have  a  sharp,  aromatic  taste. 
The  root,  which  was  already  known  in  the  seventeenth  century  under  the 
name  of  Radix  Indica,  Lapezmnm l  is  called  by  the  natives  Ma-lakamn- 
nay  and  is  employed  as  a  domestic  remedy  for  iudigestion.  The  bark 
of  the  root  contains  a  volatile  oil,  which  is  described  by  Schnitzer*  as 
having  a  cinnamon  and  melisaa-like  odor.  The  ripe  berries  are  used  in 
Tndia  as  a  spice  in  place  of  black  pepper;  the  bark  and  leaves  are  also 
said  to  possess  medicinal  properties.' 

The  oil  of  the  leaves  has  l>eeii  distilled  by  D.  Hooper."  It  is  very 
fluid  and  has  a  pleasant  odor,  reminding  at  the  same  time  of  verbena 
and  basilicum,  and  contains  considerable  quantities  of  citronellal  and  an 
alcoholic  constituent  boiling  above  200°. 

The  oil  would  be  useful  for  purposes  of  perfumery  if  it  could  be 
furnished  at  a  reasonable  price. 

THE  OILS  OF  THE  AGKUMEN  FRUITS  L 

Origin  and  History.  The  subfamily  Aurantieue  of  the  Rutaceae  is 
indigenous  to  central  Asia.  The  large  number  of  varieties  of  the  citrus 
fruits,  known  by  the  collective  term  of  agrumen  (acid)  fruits  is  indicative 
of  a  very  long  period  of  cultivation.  As  far  as  oils  that  are  expressed 
from  the  rinds  of  the  fruits  are  concerned,  the  following  species  come 
into  consideration : 

>)  Rerlcht  von   8.   *  Co..    Apr.    1898, 


b.Google 


Oils  of  the  Ittitacenf.  461 

for  lemon  oil:    Citrus  Hmonnm  Risso. 

for  bergamot  oil:    Citrus  bergamia  Risso, 

for  grape  fruit  oil:    Citrus  decumana  L., 

for  eedro  oil:    Citrus  medics  Risso, 

for  lunette  oil:    Citrus  medica,  var.  arida  Bran  din,  and  Citrus 

limettti  Risso, 
for  mandarin  oii:    Citrus  madurensis  Loureiro, 
for  orange  oil:    Citrus  auraiitium  Risso.  and  Citrus  bigaradia 
Risso. 
During  the  process  of  ripening  of  the  fruit  the  oii  is  secreted  in  cells  of 
the  outer  layer  of  the  rind.    When  ruptured  the  oil  exudes  and  can  be 
collected.    This  oil  must  have  been  known  early  although  it  does  not 
seem  to  have  found  application. 

The  earliest  statements  concerning  distilled  lemon  and  orange  oils 
were  made  by  Gesner  in  1555.  Benson  followed  in  1571,  Porta  in  1589. 
The  latter  described  the  preparation  of  the  two  oils  by  distilling  the 
fresh,  grated  rinds.  During  the  sixties  of  the  last  century  Gaubius 
recommended  the  same  process. 

The  method  of  the  mechanical  preparation  of  the  agrumen  oils  by 
rupturing  the  oil  cells  by  means  of  a  grate  was  described  by  Geoffrey 
in  the  beginning  of  the  eighteenth  century.  Evidently  this  method  was 
practiced  before  this  date. 

In  the  price  ordinances,  the  oils  of  lemon  and  orange  appear  first  in 
that  of  Frankfurt-on-tlie-Main  of  1582.  Both  oils  are  mentioned  in  the 
Dispensatorium  Norieum  of  1589  and  in  the  Phamiacopoea  Augustana 
of  1613.    Oil  of  bergamot  apparently  came  into  use  about  1690. 

In  1786  Remmler1  tried  to  prepare  rosin  from  oil  of  lemon.  About 
the  same  time  Liphard*  mentions  that  the  yield  of  lemon  oil  is  larger 
when  the  fruit  is  allowed  to  stand  until  decay  sets  in.  In  1789  the 
apothecary  Heyer  of  Braunschweig,  upon  cooling  bergamot  oil,  obtained 
crystals  which  he  termed  bergamot  camphor.* 

Preparation.  The  preparation  of  the  volatile  oils  from  the  agrumen 
fruit*  is  not  effected  by  the  otherwise  usual  method  of  distillation,  but 
by  expressing  the  rinds  of  the  fruit.  The  distilled  oil  is  inferior  and 
valueless.  The  oil  is  contained  in  the  cells  of  the  outer  layer  which 
need  only  be  ruptured  in  order  that  they  may  yield  their  odorous 
content. 

i)  G8ttlln(f'«  Tnnchenb.  r.  B^heldok  Una  tier.  1TS0. 
1)  Crell'B  Chnmlache  Annalen,  178T,  II,  p.  *B0. 
»  Ibidem.  lTSK,  I,  p.  820. 
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In  southern  Italy,  i.  e.  in  Sicily  and  the  southern  point  ol  Calabria, 
three  different  methods  are  in  use  for  obtaining  lemon,  orange  and 
bergamot  oils,  the  Spugna  process,  the  Scorzetta  process  and  the 
manufacture  with  the  Macchina. 

In  the  Procesea  alia  Spugna. l  the  worker  cuts  the  fruit  into  quarters, 
removes  the  acid  fruit  pulp  and  presses  the  rind  of  the  fruit  against  a 
sponge  which  he  holds  firmly  in  his  right  hand.  The  oil  cells  are  broken 
and  give  their  content  to  the  sponge,  which  is  expressed  by  the  hand 
as  soon  as  it  has  absorbed  a  sufficient  quantity  of  oil.  The  sponges 
belong  to  that  kind  which  are  usually  designated  as  medium  horse 
sponges;  after  such  a  sponge  has  been  used  for  about  10  days  it  loses 
its  usefulness,  it  is  now  coarse  and  unable  to  further  absorb  any  oil. 

Somewhat  different  from  the  method  just  described  is  the  Scorzetta 
process.*  In  this  the  fruit  is  cut  transversely  into  halves  and  the 
content  removed  by  a  kind  of  spoon.  Both  halves  of  the  rind  are  then 
pressed  on  all  sides  against  the  sponge  by  continually  turning  them  in 
the  hand.  This  method  of  obtaining  the  oil  has  the  advantage  that 
the  rinds  so  treated  are  not  broken,  but  retain  their  original  appearance 
and  can  be  salted  and  exported  as  so-called  Saluto.  Besides,  the  whole 
inner  part  of  the  fruit  remains  intact  and  can  be  worked  more 
economically  into  lemon  juice  than  is  possible  with  the  fruit  sections 
Treated  by  the  Spugna  process.  After  a  double  expression  for  oil  and 
juice  these  can  only  be  used  as  food  for  cattle. 

The  Macehina  is  an  ingeniously  constructed,  fairly  complicated 
machine,  in  which  the  outer  layer  of  the  fruit  is  first  ruptured  and  then 
pressed  against  sponges  which  absorb  the  volatile  oil.  The  machines 
are  now  almost  wholly  used  in  the  manufacture  of  bergamot  oil,  aa  the 
round,  uniform  shape  of  the  bergamot  is  especially  suited  for  this 
method  of  preparation.  For  the  production  of  lemon  oil  the  machine 
is  useless  for  two  reasons.  First,  the  irregular  form  of  the  lemon . 
prevents  all  parts  of  the  rind  from  coming  in  contact  with  the  sponges, 
and  second,  the  lemon  oil  thus  obtained  is  green  and  is.  therefore,  not 
marketable  as  such.  The  lemon  oil  sometimes  prepared  with  the 
machines  is  used  for  adulterating  bergamot  oil. 

The  Bcuelle  A  piquer  is  an  instrument  employed  in  Nice  for  the 
preparation  of  the  oil.  It  consists  of  a  bowl,  provided  with  upright 
brass  needles,  which  is  prolonged  into  a  tube  at  the  bottom.  The  fruit 
pricked  by  the  needles  allows  its  oil  to  run  into  the  bowl  and  collect 
in  the  tube  from  which  it  is  filled  into  vessels. 

i)  Archlv  d.  Phnnn.,  227,  p.  106B.  a)  Bertcbt  von  S.  &  Co.,  Apr.  1B»6,  p.  25. 
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In  southern  France  hardly  any  oil  is  at  present  obtained  from 
agnimen  fruits.  The  Ecuelle  method  is  said  to  be  still  used  in  the  West 
Indies  for  the  preparation  of  liuiette  oil. 

Sometimes  the  unripe  fruit  which  has  fallen  from  the  trees,  as  well 
as  the  expressed  residues  or  the  filter  pulp,  are  distilled  with  water. 
The  oil  obtained  is  without  exception  of  a  very  poor  quality  and  serves- 
for  mixing  with  only  the  poorest  kinds  of  the  pressed  oils. 

The  finished  oil,  previously  purified  by  filtration,  comes  into  commerce- 
in  copper  flasks  of  50  k.  capacity. 

Production  and  Commerce.  The  following  figures,  taken  from  the 
official  reports  {Statistics  del  Commercio  Speciale),  give  an  interesting 
exposition  of  the  enormous  extent  and  the  increase  in  the  production 
and  export  of  bergamot,  lemon,  mandarin  and  orange  fruits  during  the 
last  few  years. 

The  production  of  Italy  amounted  to: 

1892 3.168  million  fruits 

1898 8.140       " 

1884 8.820       " 

1895 8.550 

1896 H.887 

of  these  were  exported  : 

1892 1.704,628  double  hundred  weights 

1893 1.978.134       '■ 

1894 2.148,011 

1895 2,206,870 

1896 2,372,369 

The  harvest  of  the  canijmgne  1895/96  was: 
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If  800  fruits  are  calculated  to  a  double  hundred  weight  the  year 
1806  would  give  the  following  result: 

Total  production 3,337,443.000  fruits 

Total  export  2.372,360  double  hundred  weighta<S800pieces  1,897,888,000     " 
Remain  for  Italian  con  sumption    inclusive  of   the   essence 

manufacture 1,439,555,000  fruit* 

Among  the  consumers  in  1806  the  most  prominent  are  the  United 
States  and  Canada  with  nearly  50  percent  of  the  total  exports.  Then 
follows  Austria-Hungary  with  about  20  percent,  Great  Britain  with 
about  14  percent,  Russia  with  B  percent  and  Germany  with  about  "i 
percent. 

The  total  export  of  bergamot,  lemon  and  orange  essences  of  the 
individual  centers  of  production  during  the  last  two  yearn  was  as 
follows ; 

1897 

Export  from  Messina 560,788  k.  having  a  value  o(  7,570,618  lire 

"      Reggio 87,095      "  "  "      1,306,425    *' 

"      Catania 12,016      "  "  "         120,100    " 

"      Palermo 72,193      "  "  "         721,153    " 

Total  essence  nxport  1897...  732,092  k.  having  a  value  of  9,718,850  lire 
1898 

Export  from  Messina 524,01(9  k.  having  a  value  of  6.813,287  lire 

"      Reggio 85,069     "  "  "     1,446,117    " 

"     Catania 6,866     "  "  "  82,758    " 

"      Palermo 51,759     "  "  "        672.867    " 

Total  essence  export  1898...  007,298  k.  having  a  value  of  9,015,039  lire 
During  the  Inst  10  years  the  essence  export  amounted  to ; 

1889 277,599  k.  having  a  value  of  4,208,258  liiv 

1890 301,879     ■'  "  "     5,056,214    " 

1891 264,150      "  "  "      4.954,655    ;" 

1892 859.378     "  '*  "     5,548  358    " 

1893 588,334     "  ■'  "     9,356,814    " 

1894 666,740     "  •'  "     8,308,148    " 

1895 554,191      "  "  "      8.081,870    " 

1896 514,067     "  '*  "     7,579.424    " 

1897 732,092     "  "  "     9,719.133    " 

1898 667,298      "  "  "      9,015,083    " 

The  manufacture  of  the  essences  produced  by  expression  is  almost 
entirely  carried  on  in  Calabria  and  Sicily.  The  only  exception  is  the 
preparation  of  the  West  Indian  limette  oil  at  Moutserrat. 

It  is  true  that  now  and  then  samples  of  expressed  essence  from  the 
West  Indies  and  from  Florida  appear,  but  one  cannot  yet  speak  of  a 
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manufacture  in  these  places.  It  is  hardly  to  be  expected  that  one  will 
arise,  as  the  high  wages  there  paid  cannot  compete  with  the  low  wages 
of  Italy.  The  preparation  of  expressed  agrumen  oils  formerly  conducted 
on  a  small  wale  appears  to  have  been  entirely  given  up. 

The  districts  of  production  can  be  seen  on  the  accompanying  map. 
which  was  prepared  in  1H96  by  a  representative  of  the  firm  of  Schimmel 
&  Co.  Bergamots  are  only  cultivated  in  Calabria.  The  principal  center 
for  the  oil  is  Reggio.  Lemons  and  oranges  are  planted  on  the  continent 
as  well  as  in  Sicily. 

In  Calabria  lemon  oil  is  made  in  the  same  places  as  tiergamot  oil. 
In  Sicily  the  principal  productive  centers  of  lemon  oil  are  in  the  provinces 
of  Messina,  Catania,  Syracuse  and  Palermo.  The  oils  from  the  different 
districts  often  show  quite  important  variations  in  their  optical  rotation. 
The  angle  of  rotation  of  the  Culabrian  oils  lies  between  -H"i!)  and  +62°HO'. 

In  Sicily  the  principal-  places  of  production,  arranged  according  to 
the  angle  of  rotation  of  their  oils  are  as  follows: 
«i)  =  +  "»9°  to  +  61°.    Messina  and  vicinity,  Nizza  di  Sicilia. 
"D=+61°to  +6H°.     Acireale,  S.  Teresa  di  Riva,    Healetta,    S.  Lucia, 

Patti,  S.  Agata,  S.  Stefano. 
<in  =  +  *i3D  to  +04°.    Catania,  Giarre.  Giardini,  Acireale,  Leutini. 
«D=  +  (54°  to  +07°.    Bnrcellona.  Siracusa. 

In  the  province  of  Palermo  the  places  colored  yellow  on  the  map 
produce  only  fruit  but  no  oil,  the  manufacture  of  which  is  restricted  to 
the  immediate  vicinity  of  Palermo  to  which  the  fruit  is  transported. 
The  angle  of  rotation  of  the  oils  there  produced  lies  between  +">S>°  and 
-Mil";  rotations  of  +(!1  tnGH°  are  very  rare. 

196.    Oil  of  Lemon. 

Oleum  Ottri.— CltronenSl.—  Essence  de  Citron. 

Properties.     Oil  of  lemon  is  a  light  yellow  liquid  of  the  pleasant 

odor  of  fresh  lemons  and  an  aromatic,  mild,  somewhat  bitter  after-taste. 

«p.  gr.  O.H.'iS— 0.8(11.    The  angle  of  rotation  lieM  as  a  rule  between  (id 

and  04°  at  20°. '    Oils  with  a  rotatory  power  of  +(H  to  (>7°  are  rare.2 


ure   to   20°    by 

calculation. 

•>r    the  hh 

ieuii   oa  tbat  Klveu    uatle 

r  orange  oil 

mark  6  on  page 

471). 

If   [lie 

rotation 

h    del 

j-m  Inert  at 

(nuter,  are  to  b 

rnibtra 

..■led  lr 

™  the  ro> 

ull   to 

mil   lor  « 

ery    <leKree  ol 

emperature 

•  w  20°.    On  eon 

temperatu 

re  above  20°, 

H.2  mlnuw* 

added 

ii  order  to  find 

the  angle  ot 

*)  The  oIIh  obtf 

Ined  In 

the   v 

clnlty   ot 

-rail  una  1  Sicily 

il  Is  tin  a  u  tub 

iikHyph  by  ft  hfsrh  rotn 

ory  p< 

wer.    The 

oIIk  rron 

nl   Palermo 

the  weakest  In 

rotator 

r  pow 

r  (+39  t. 

61°) 

Compare 

with    lib  five. 

»,  Google 


466  Special  Part. 

The  gummy  and  vegetable  wax-like  constituents  present  often 
prevent  the  clear  solubility  of  lemon  oil  in  vO  p.  c.  alcohol.  Rectified 
oil  requires  about  5  p.  of  90  p.  c.  alcohol  to  form  a  clear  solution. 
Absolute  alcohol,  ether,  chloroform,  benzol  and  amy]  alcohol  dissolve 
lemon  oil  in  all  proportions.  The  solutions  in  carbon  dieulphide  and 
in  benzene  are  usually  somewhat  cloudy  on  account  of  a  little  water 
contained  in  the  oil.  Oil  of  lemon,  like  all  essential  oils  obtained  by 
expression,  gives  on  standing  a  more  or  less  crystalline  deposit. 

Inasmuch  as  rectified  and  distilled  oils  decompose  rapidly  and  have 
an  unpleasant,  penetrating  odor,  it  is  irrational  to  rectify  a  lemon  oil. 

Oil  of  lemon  is  rapidly  changed  by  the  action  of  light  and  air.  It 
loses  its  color  and  a  thick,  brown  deposit  separates.  At,  the  same  time 
the  specific  gravity  and  the  solubility  in  SO  percent  alcohol  increase. 
This  is  the  same  phenomenon  that  can  be  observed  with  old,  poorly 
kept  turpentine  oil. 

Preservation.  Oil  of  lemon  is  to  bo  kept  in  carefully  closed  vessels, 
filled  to  the  neck,  in  the  dark  und  in  a  cool  place. 

Composition.  Although  a  large  number  of  investigators  have  worked 
on  oil  of  lemon  since  the  first  quarter  of  the  present  century,  its  compo- 
sition is  for  all  that  not  yet  satisfactorily  cleared  up. 

A  critical  examination  of  the  rather  extensive  literature,1  the  details 
of  which  cannot  here  be  considered,  bIiows  that  a  part  of  the  oils 
investigated  were  adulterated  with  turpentine  oil.  This  is  not  surprising, 
as  it  is  only  now  possible,  by  means  of  the  recent  proof2  that  lemon 
oil  contains  uo  pinene,  to  distinguish  pure  lemon  oil  from  that,  adulter- 
ated with  turpentine  oil. 

Even  by  the  first  analyses  of  the  oil  its  small  amount  of  oxygen 
was  recognized.  Some  chemists,  however,  went  so  far  as  to  declare  it 
free  from  oxygen  and  consisting  only  of  hydrocarbons.  This  mistake 
arose  from  the  fact  that  rectified  oils  were  mostly  used  in  the  investi- 
gation, in  which  the  much  higher  boiling  oxygenized  compounds 
remained  in  the  residue  of  the  flask. 


■e  (1820).  Ann.  <le  Chlm.  et  Ph)n..  II,  18.  p.  262;  Llebla-'g  Annalen.  8, 
p.  157.  —  DnnittH  (1B8S),  Ann.  de  Chlni.  et  Phys..  II,  52,  p.  49:  Lleble'e  Annalen,  6, 
p.  253,  and  Ibid..  9,  p.  61.  —  Blanche t  &  Sell  (1S3B).  Lieblg'a  Annalen.  6,  p.  818.— 
Soiibelran  &  Capltalne  <1840>,  Journ.  do  Phann.,  II,  26,  p.  1:  Lleblg'e  Annalen.  84. 
p.  817.— Gerhardt  (18481.  Compt.  rend.,  17.  p.  814.— Berthelot  (1853).  Ann.  de  Chlm. 
et  Phys.,  Ill,  87,  p.  288;  Ibid.  88,  p.  44;  Ibid..  40,  p.  86.— UsbUfa  Annalen,  88,  p.  846. 
—  Oppenhelm  (1872),  Berlchte,  3.  p.  628.  —  Lalont  (1887),  Bull.  Son  chlm.,  II,  48, 
p    777,  nod  49,  p.  17. 

«)  Berlcht  ron  8.  &  Co..  Apr.  1897,  p.  19;  Oct.  1897,  p.  22. 
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In  reality  about  9io  of  the  oil  consist  of  hydrocarbon b,  of  which 
dextrogyrate  limonene  (Wallach,1  ISM'j),  (tetrabromide,  in.  p.  124 — 125°) 
ia  the  moat  important. 

Tilden*  (1877)  has  called  attention  to  the  fact  that  this  terpene  ib 
contained  iu  a  far  leaa  pure  atate  in  lemon  oil  than  in  orange  oil.  By 
the  oxidation  of  the  limonene  fraction  designated  by  him  as  "'citrene" 
he  obtained  paratoluic  and  terephthalic  acids,  two  acids  which  do  not 
result  by  the  oxidation  of  the  corresponding  fractions  from  orange  oil. 
"Citrene"  behaves  likewise  different  than  limonene  when  treated  with 
concentrated  sulphuric  acid.  Besides  resinous  polymerization  products 
some  cymene  is  formed.  It  does  not  follow,  however,  that  cymene  ia 
contained  in  the  original  oil.  It  ia  much  more  likely  that  the  cymene 
resulted  from  a  second  terpene  by  the  action  of  sulphuric  acid.  As  a 
matter  of  fact  neither  cymene  nor  paeudo-cumenea  have  up  to  the 
present  been  found  in  lemon  oil  which  had  not  been  treated  with 
sulphuric  acid.* 

The  reason  for  the  differences  between  "citrene"  and  limonene  may 
probably  be  found  in  part  in  the  presence  of  phellandrene  in  lemon  oil. 
This  terpene  has  only  recently  been  discovered  in  the  oil  and  recognized 
an  such  by  its  nitrite  melting  at  102°. 4 

The  behavior  of  the  fraction  boiling  below  170°  observed  by 
Wallach8  can  in  all  probability  be  also  traced  to  phellandrene.  This 
fraction  gave  no  aolid  addition  product  by  direct  broinination e  but 
after  heating  from  250 — 270°  it  readily  yielded  dipeutene  tetrabromide. 

Although  the  terpenee  make  up  by  far  the  greater  part  of  the  lemon 
oil,  the  odor  is  largely  due  to  the  comparatively  small  amount  of 
oxygenated  compounds.  The  constituent  of  greatest  importance  as  to 
odor  is  citral,  C10H10O,  an  aldehyde,  which  was  found  by  Bertram  in 
oil  of  lemon  in  1888,  i  The  amount  of  the  citral  ia  estimated  at  7—10 
percent. 

Beaidea  citral  lemou  oil  containa  a  second  aldehyde,  citronellal. 
When  condensed  with  pyrotartaric  acid  and  ^-naphthylaraine  thia  yielda 


1)   [JohiK'«  Annslen.  227,  p.  2'JO. 

3)  Pharm.  Journ..  Ill,  8,  p.  190;  9,  p.  6B4. 

*)  Bouchardat  *  Latont  iJiourn.  de  Pharm.,  V,  27,  p.  49)  found,  altar  treating 
citrene  with  sulphuric  acid,  peendo-ctimene  benldea  cymene.  They  seen)  to  consider 
theee  inbatancea  ai  preexisting  In  lemon  oil. 

*1  Berlcht  von  8.  A  Co.,  Oct.  1897,  p.  2B. 

<)  Wallach,  loc.  dt. 

*)  Oliver]  claims  to  have  obtained  a  tetrabromide  of  the  melting  point  HI"  lrom  the 
fraction  ol  lemon  oil  boiling  at  170  to  170.3°  (Oaii.  cljim.  it*l.,  21.  I,  p.  316;  Berichte 
24,  p.  624,  Eel.). 

i)  Berkh  t  yon  S.  &  Co.,  Oct.  1888.  p.  17. 
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according  to  Doebner1  citronellal  .  -napbtho  cinchoninic  acid,  m.  p.  225°. 
Apparently  the  statements  of  Ladell z  who  investigated  no-called  terpene- 
free  lemon  oil,  refer  also  to  citronellal.  He  isolated  by  fractionation  a 
dextrogyrate  body  ('iuHisO  boiling  at  206°. 

Tilden3  in  1M77  described  aft  a  constituent  of  lemon  oil  a  dextro- 
gyrate substance  of  the  composition  CioHisO,  boiling  a  little  above 
21)11°,  which,  witli  the  exception  of  its  rotatory  power,  agreed  in 
its  principal  properties  with  "terpinol."  It  is  probable  tliat  Tilden 
also  had  citronellal  under  consideration.  Barbier  and  Bouveault,4  how- 
ever, deny  tlie  presence  of  citronellal  in  lemon  oil. 

According  to  Umney  and  Swinton8  geranyl  acetate  is  also  contained 
in  the  lemon  oils  from  Messina  and  Palermo.  They  removed  from 
so-called  concentrated  lemon  oil,  i.  e.  from  the  high  boiling  fractions 
rich  in  oxygen,  the  aldehyde  with  hot  bisulphite  solution,  and  saponified 
the  non-aldehydes.  From  the  alkaline  solution  acetic  acid  was  sepanfted 
and  from  the  oil  a  fraction  was  obtained  which  combined  with  calcium 
chloride  to  form  a  solid  compound,  which  yielded  citral  on  oxidation,  and 
consequently  consisted  of  geraniol,  which  must  have  existed  originally  in 
the  oil  as  acetic  ester.  From  Palermo  lemon  oil,  besides  geraniol.  a 
fraction  of  the  properties  of  1-linalool  was  isolated.  Umney  and  Swinton 
are  of  the  opinion  that  the  differences  in  odor  which  exist  between  the 
lemon  oils  from  Palermo  and  Messina  can  be  attributed  to  a,  different 
ratio  of  the  quantities  of  citral  and  citronellal.  as  well  as  to  the  presence 
of  linalyl  acetate  in  the  Palermo  oil. 

A  sesquiterpene,  C,nHa4.  of  the  boiling  point  240— 242°  is  contained 
according  to  Oliveri  (lor.  eit. )  in  the  highest  boiling  fractions  of  lemon  oil. 

The  statements  found  in  literature8  referring  to  the  so-called  lemon 
camphor  or  citraptene.  the  non-volatile  constituent  of  lemon  oil,  vary 
so  much  both  as  to  composition  and  properties  (m.  p.  From  45—144°) 
that  the  body  must  at  present,  be  considered  a*  a  mixture  of  different 
substances. 

Anii.TERATios  ani>  Exami.vatios.  Turpentine  oil,  the  adulterant 
mostly  employed,  can  be  readily  detected  by  means  of  the  polariseo|>e. 


i)  Arehfv  <1.  Phflrm..  232 

p.  6«S;   Berichte.  27,  p.  8.12. 

J|   Plmmi.  Jotirn,.  Ill,  24 

p.  .->K«. 

")  Footnote  2  on  p.  4117: 

Snc,  II,  12,  pp.  2  and 

317;  Erudite,  fl,  p.  1820. 

«)  foinpt.  rend.,  122.  p.  8 

198  and  370. 

«>  Mulder  (18B9J.  I.leMlt'i 

Annnlen.  81.  p.  6».—  Berthelnt. 

ic.  clt.  — Tilden  &  Beck 

IHUOl,  Joiirn.   ('hMii.    Knr..   fl 

7.  p.   82S;    Bertchto,   28.   p.    S00 

Ref.  —  Crfinwr  (1891), 

Bull.  Hoc.  chlm.,  Ill,  0,  p.  80 

Berichte,  24.  p.  6«l,  Ret. 
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as  it  decreases  tlie  rotatory  power  of  the  lemon  oil  to  a  considerable 
extent.  In  order  to  determine  approximately  the  amount  of  the 
addition,  it  must  first  be  determined  whether  French  or  American 
turpentine  had  been  employed.  As  turpentine  oil  (pinene)  boils  lower 
than  the  constituents  of  normal  lemon  oil,  it  is  to  be  nought  for  in 
the  fraction  which  distills  over  first.  The  lemon  oil  to  be  investigated 
is  therefore  fractionated  several  times  and  the  rotatory  power  of  the 
fraction  boiling  at  about  100— 1(>5°  determined.  If  the  first  distillate 
finally  becomes  laevogyrate,  French  turpentine  oil  is  under  consideration, 
but  if  it  remaius  slightly  dextrogyrate,  American  turpentine  oil  has 
been  employed. 

For  the  approximate  calculation  of  the  amount  of  turpentine  oil 
from  the  rotatory  power,  the  mean  angle  of  rotation  —3(1°  for 
French  and  +6°  for  American  turpentine  oil  may  be  taken. 

A  lemon  oil  consisting  of  half  turpentine  oil  would  rotate  in  a  100 
mm.  tube  in  the  one  case  5 '- —  =  + 15°,  and  in  the  other  case 

According  to  thin  it  is  not  difficult  to  calculate  the  approximate 
amount  of  the  addition,  providing  that  it  is  known  whether  this 
addition  was  French  or  American  turpentine  oil. 

Detection  of  Turpentine  oil  in  the  presence  of  orange  oil. 
Lemon  oils,  in  spite  of  their  normal  rotatory  powe%  may  be  adulterated 
with  turpentine  oil,  when  orange  oil  has  been  added  to  compensate  the 
decrease  in  rotatory  power.  Even  this  manipulation  is  detected  in  the 
polariscope  by  testing  individual  fractions  of  the  oil. 

By  numerous  experiments  it  has  been  determined  that  by  the  distil- 
lation of  pure  oils  the  angle  of  rotation  of  the  10  p.  c.  which  distil 
over  first  is  at  most  4 — 5°  smaller  than  that  of  the  original  oil.  With 
oils  containing  turpentine  oil  this  difference  is  of  course  much  greater. 
For  the  distillation  a  so-called  Ladenburg  fractionating  flask  with  three 
bulbs  (fig.  54  on  p.  190)  is  used  and  from  50  cc.  of  the  oil  to  be  inves- 
tigated, just  5  cc.  are  slowly  distilled  off.  At  first  a  few  drops  of  water 
distill  over,  which  make  the  distillate  turbid  and  are  removed  by 
shaking  with  some  anhydrous  sodium  sulphate.  After  filtering,  the 
distillate  is  investigated  in  a  50  mm.  tube  in  the  polariscope  with  the 
proper  consideration  of  the  temperature.  The  result  is  reduced  by 
calculation  to  20°  in  the  manner  (riven  in  footnote  1   on  page  465  and 
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deducted  from  the  rotatory  power,  likewise  reduced  to  20°,  of  the 
original  oil.1 

In  some  cn«es,  especially  when  only  small  quantities  of  oil  are  at 
command,  the  modification  of  Soldaini  and  Berte"*  is  preferable.  This 
consists  in  that  from  25  cc.  of  the  oil  one-half  is  distilled  off.  The 
rotation  of  the  50  p.  c.  distilled  over  from  pure  oil  is  higher  than  that 
of  the  original  oil  and  higher  than  that  of  the  residue.  tVhen  turpentine 
has  been  used  as  adulterant  the  first  half  will  always  show  a  lower 
rotatory  power. 

It  should  be  mentioned  that  the  addition  of  turpentine  oil  produces 
only  a  very  slight  increase  in  the  specific  gravity. 

Patty  oil  remains  in  the  residue  when  the  oil  is  evaporated;  the 
residue  of  normal  lemon  oil  does  not  amount  to  more  than  4 — 5  p.  c. 
For  its  determination  see  under  bergamot  oil  on  page  476. 

Citral  Determination.  A  very  dangerous  adulterant  which  up 
to  the  present  has  defied  definite  detection,  consists  in  the  terpenes 
obtained  in  the  manufacture  of  the  so-called  terpene-free  lemon  oil.  As 
by  the  addition  of  these  hydrocarbons  to  the  lemon  oil  the  relative 
amount  of  the  oxygenated  constituents,  that  is  of  citral  and  citronellnl, 
is  decreased,  such  an  adulteration  might  be  detected  by  an  accurate 
citral  or  aldehyde  determination.  On  the  other  hand  it  has  been  claimed 
that  a  citral  determination  is  not  an  absolute  standard  of  purity.* 
Thus,  an  oil  of  high  citral  content  might  be  nothing  more  than  the 
terpenes  resulting  frflm  the  preparation  of  so-called  concentrated  lemon 
oil,  mixed  with  citral  from  some  other  source,  for  instance,  from  lemon 
grass  oil.  Attempts  to  establish  methods  for  the  estimation  of  citral 
have  not  l>een  wanting,  but  so  far  they  have  all  failed  on  account  of 
insufficient  accuracy. 

Thus,  for  instance,  it  has  been  tried  to  determine  the  amount  of 
aldehyde  present  in  the  manner  employed  for  cassia  oil,*  which  is  indeed 
very  rational,  since  citral  like  cinnamic  aldehyde  forms  with  bisulphite 
a  compound  soluble  in  water.  Citronellal,  however,  does  not  possess 
this  property,  and  its  double  salt  separating  partly  in  the  oily  and 
partly  in  the  aqueous  layer  makes  an  accurate  reading  impossible. 

1)  Berlcht  von  H.  &  Co..  Oct.  1886,  p.  80. 
I)  Oaii.  cliim.  fUiL.  27,  II.  p.  25. 

■  >  Chemist  &  Druggist.  SS,  pp.  120.  2»i,  840;   54,  pp.  495.  843. 
*)  See  SuMulnl   Hml    Bert*.    Boll.  chlm.  farm..  88.  p.  587;   Berfcbte   kid   S.  ft  Co.. 
Apr.  1300,  p.  22. 
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Garnett1  tried  to  convert  the  aldehydes  by  reduction  with  sodium 
into  alcohols,  aud  determine  these  by  aeetylization.  Unfortunately,  as 
thorough  examinations  have  shown,  the  reduction  does  not  take  place 
quantitatively  and  the  results  are  therefore  useless.* 

Walther8  has  published  a  method  for  the  estimation  of  citral  in 
lemon  oil  by  treating  the  latter  in  alcoholic  solution  with  hydroxyl  amine 
hydrochloride  and  sodium  bicarbonate  and  then  titrating  back  the 
excess  of  hydroxy  la  mine.  Schitnmel  &Co.*  have  tested  the  method  and 
found  that  the  results  are  too  high. 

Parry  B  has  based  a  method  on  the  formation  of  citralidene  eyanacetic 
acid.  From  200  ic.  of  oil  175  cc.  are  distilled  off  under  15  mm.  pressure. 
10  cc,  of  the  residue  are  shaken  in  a  cassia  flask  with  5  g.  of  cyanacetic  acid 
and  5  g.  of  sodium  hydrate  in  30  cc.  of  water.  The  part  insoluble  in  water 
is  read  off  on  the  scale.  No  determinations  were  made  on  known  mixtures 
of  citral  and  terpenes,  so  that  the  accuracy  of  the  method  is  unknown. 

197.    Oil  of  Sweet  Orange. 

Oleum  An  rant  li  Dulclfi.— Sllsses  Pomeraazeiischaleriiil.  SUhsbm  Or&ngenschalenol. 
A.pfel*lneiiB«h»leii81.  —  Essence  d'Orange  Portugal. 

Properties.  Oil  of  orange  is  a  yellow  to  yellowish-brown  liquid  of 
a  characteristic  orange  odor  and  a  mild,  aromatic,  not  bitter  taste. 
Specific  gravity  0.848—0.852 ;  «D  =  +  96  to  +  98°  at  20°.fl 

On  account  of  the  presence  of  wax-like,  non-volatile  substances  of 
unknown  composition,  which  partly  separate  on  standing  for  some  time, 
the  oil  as  a  rule  does  not  form  a  clear  solution  with  90  p.  c.  alcohol. 
It  begins  to  boil  at  175°;  up  to  180°  nine-tenths  distill  over. 

The  rectified  oil  is  colorless;  its  sp.gr.  is  somewhat  lower,  the  rotatory 
power  slightly  higher  than  that  of  the  original  oil.  Rectified  orange  oil 
is  kept  with  difficulty,  it  deteriorates  rapidly  and  acquires  thereby  a 
stale,  grating  odor. 

i)  Ctiomlst  and  Druggist,  43,  p.  pyu 
»)  Bertcht  tod  S.  A  Co..  Oet.  1896.  p.  B2. 
*)  Pharm.  Centrum.,  40,  p.  621. 
*)  Berlcbt  von  8.  A  Co..  Apr.  1800,  p.  20. 
"I  Chemlat  *  Druggist,  56.  p.  876. 

•I  Since  the  angle  ot  rotation  ol  orange  oil.  like  that  ol  lemon  oil,  varies  greatly 
with  changes  In  temperature,  decreasing  wltJi  on  Increase  tn  temperature,  it  la  ueces- 
aary.  In  ordxr  to  obtain  comparable  numbers  tn  ascertain  accurately  the  temperature 
and  tn  reduce  the  result  to  MO"  by  calculation.  An  the  difference  in  the  angle  ol  rotation 
between  +10°  and  +-20°  In  14.6  minutes  and  between  +  20°  and  110°  It  In  18  2  minutes 
e  redaction  to  30°  in  made  by  deducting 
,  when  the  polarliatloD  was  eOeeted  at  a 
rmlnatlon  was  made  at  a  temperature  above  20°, 
the  number  lound   In  order   to   And   the  angle  ol 
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Composition.  Orange  oil  consist*,  as  Wallach1  (1884)  has  shown, 
of  at  least  90  p.  e.  of  d-limonene  (di  hydrochloride,  m.  p.  50°  (Soubeiran 
and  Capitaine,*  1840),  tetrabromide,  m.  p.  104— 105° ').  On  this 
account,  especially  as  other  hydrocarbons  are  completely  absent,  it  is 
well  suited  for  the  preparation  of  this  terpens  in  a  pure  state.  The 
absence  of  pinene  is  of  importance  for  the  detection  of  adulteration 
with  turpentine  oil. 

Of  oxygenated  compounds,  aldehydes  are  present  in  orange  oil.  By 
shaking  with  sodium  bisulphite  solution  crystals  of  a  double  compound 
are  formed,  which  can  be  isolated  by  nitration  and  pressing;  by  decom- 
posing with  soda  an  oil  is  obtained  which  is  purified  by  steam  distillation. 
A  part  of  this  boils  at  224—228°  and  consists  of  citral  (Semmler,8  1891). 
The  lower  boiling  fraction  contains  likewise  an  aldehyde,  the  composition 
of  which  has  not  yet  been  determined. 

The  assertion  made  by  Wright4  in  1873  that  oil  of  orange  peel 
contains  0.3  percent  of  a  body  boiling  at  212—218°  identical  with  the 
somewhat  mystic  myristieoi  (CioHieO)  of  the  oil  of  nutmeg,  is  too  little 
supported  by  facts. 

The  most  recent  and  not  yet  completed  investigation  of  orange  oil 
is  that  of  Flatau  and  Labbe\6  They  obtained  by  shaking  orange  oil 
with  bisulphite  solution  a  double  compound,  which  yielded  besides  traces 
of  citronellal,  a  small  amount  of  a  new  aldehyde  that  had  a  very 
characteristic  orange  odor.  In  addition  an  acid  of  possibly  twenty-one 
carbon  atoms  was  isolated.  Like  the  acid,  its  ethyl  ester  is  difficultly 
soluble  in  alcohol  and  can  be  precipitated  by  this  solvent  from  the 
residue  of  the  oil  after  95  p.  c.  have  been  distilled  off.  When  purified  it 
melts  at  64 — 6.r>°  and  has  a  pleasant  and  characteristic  orange  odor. 
Further  communications  on  this  ester  are  promised. 

Parry0  suspects  the  presence  of  the  methyl  ester  of  anthranilic  acid 
in  sweet  orange  oil.  This  observation  is  confirmed  by  Hchiminel  &  f'o." 
who  have  definitely  shown  its  presence. 

Of  the  nature  of  the  orange  oil  stearoptene,  which  finds  its  wnj*  into 
the  oil  by  expressing  the  peel  of  the  fruit  and  which  remains  in  the 
residue  when  the  oil  is  rectified,  nothing  is  known. 

i)  Lleblfc'e  Annalen.  -227,  p.  981).    Comp.  »)  Chem.  Xewr*.  27,  p.  300:  Berk-lite. 

tilno   Vfiickel    (1S41I.  Ibid  .  .19.  p.  120;   and        «.  p.  144. 

Wright  A   Ffeww   (1871).  Chem.   New*.   24,  »l  Bull.  Hoc.  chlm.,  III.  10,  p.  861. 

p.  14T.  •)  ('tiemJat  &  DrORKint.  36,  p.  462. 

')  Berlcht  von  8.  ft  Co.,  Apr.  iflOO, 
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Examination.  On  account  of  the  low  specific  gravity  and  the 
extraordinarily  large  rotatory  power  of  orange  oil,  all  kinds  of  foreign 
additions  can  be  readily  and  accurately  detected,  as  there  is  no 
adulterant  by  whiclt  these  two  properties  would  not  be  changed. 

Formerly,  when  the  polariscope  was  not  so  generally  used  as  it  is 
to-day  the  oil  was  greatly  adulterated  with  turpentine  and  sometimes 
even  with  lemon  oil. 

Recently  '  the  terpenes  remaining  from  the  manufacture  of  terpene-free 
lemon  oil  are  used  to  an  enormous  extent  in  Messina  for  the  adulteration 
of  orange  oil. 

For  the  detection  of  turpentine  oil  the  lowest  boiling  portions  of  the 
oil  are  repeatedly  fractionated  by  employing  a  dephlegniator.  and  the 
pinene  may  then  be  recognized  by  its  boiling  point,  as  well  as  by  its 
rotatory  power  (strongly  laevogyrate  with  French  and  slightly  dextro- 
gyrate with  American  turpentine  oil).  Should  such  a  test  be  considered 
as  not  conclusive,  the  pinene  must  be  converted  into  pinene  nitroso- 
chloride  and  into  the  characteristic  pinene  ni troll >enzy lam ine  or  nitrol- 
piperidine  base. 

198.    Oil  of  Bitter  Orange. 

Oleum  A  u  ran  til  A  marl.  —  Bit  teres  Pouicranzcsischalentil.     Essence  d 'Orange 

Blgarade. 

The  oil  of  bitter  orange,  which  plays  only  a  subordinate   role   in 

commerce    in    comparison    with    oil    of    sweet  orange,  differs  from  this 

mainly  in  its  bitter  taste.    The  rotatory  power*  is  sometimes  slightly 

lower  and  varies  from  +  92°  to  +  98°. 

All  other  properties  are  the  same  as  those  of  the  sweet  oil.  and  it 
is  impossible  to  distinguish  between  the  two  oils  in  any  other  manner 
than  by  their  odor  and  taste. 

199.  Oil  of  Bergamot. 
Oleum  Bergsinutttie.  —  Bergamotttll.  —  Essence  in  Berpamotte. 
Properties.  Oil  of  bergamot  is  a  brownish-yellow  or  honey  -colored 
liquid  often  colored  green  by  the  presence  of  copper.8  It  has  a  bitter 
taste  and  a  very  pleasant  odor.  Specific  gravity  0.882— 0.886.  The 
angle  of  rotation,  which  on  account  of  the  dark  color  of  the  oil  can 
mostly  he  determined  only  in  a  .V)  or  20  mm.  tulw,  varies  from  +flto 
+  20°. 
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The  oil  yields  a  clear  solution  with  about  Jf  to  %  volume  of  90  p.  e. 
alcohol  and  the  solution  does  not  become  turbid  on  the  addition  of 
more  alcohol.  All  oils  do  not  dissolve  clearly  in  80  p.  c.  alcohol. 
Many,  and  especially  those  of  a  high  ester  content,  often  give  turbid 
mixtures,  from  which  fatty  globules  separate  on  the  bottom  by  standing. 
The  reason  for  this  phenomenon  has  not  yet  been  determined,  bat  can 
probably  be  sought  in  the  wax-like  constituents,  which  get  into  the  oil 
by  expressing  the  peel.  This  non-volatile  substance,  which  partly 
separates  as  a  deposit  when  the  oil  in  kept  for  some  time,  consists 
principally  of  bergaptene.  It  remains  in  the  residue  when  the  oil  is 
evaporated  on  a  water  bath  or  by  rectification ;  it  amounts  to  5 — 6  p.  c. 

Rectified  oil  of  bergamot  is  colorless  and  has  a  lower  specific  gravity 
(0.870—0.880)  as  well  as  a  slightly  higher  rotatory  power  than  the 
original  oil.  The  rectified  oil  is  as  a  rule  less  valuable,  because  during 
the  steam  distillation  part  of  the  ester  is  always  decomposed. 

The  amount  of  ester  present  is  a  measure  of  the  value  of  bergamot 
oil,  i.  e.  the  oil  is  the  better,  the  more  linalyl  acetate  it  contains.  The 
average  content  in  ester  varies  somewhat  in  different  years;  it  usually 
amounts  to  between  86  and  40  percent,  but  sometimes  rises  as  high  as 
45  percent.  Even  within  the  limits  of  the  same  harvesting  period  great 
variations  occur.  The  oils  obtained  at  the  beginning  of  the  harvest 
from  less  ripe  fruit  contain  less  (down  to  80  percent  linalyl  acetate): 
with  increasing  ripeness  the  ester  content  increases,  for  which  reason 
the  oil  expressed  from  ripe  fruit  is  the  best. 

Composition.  As  early  as  18+0  Soubeiran  and  Capitaine1  called 
attention  to  the  presence  of  different  terpenes  in  bergamot  oil.  W attach* 
showed  in  1884  that  d-limonene  was  contained  in  the  fraction  boiling 
from  175—180°.  When  he  heated  the  fraction  of  the  oil  boiling  from 
180—190°,  which,  indeed,  absorbed  bromine  but  yielded  no  solid  bromide, 
to  a  higher  temperature,  high  boiling  condensation  products  were  formed. 
and  on  again  fractionating,  the  portion  going  over  up  to  190°  gave 
dipentene  tetrabromide  melting  at  124—125°.  It  does  not  follow  from 
this,  whether  the  dipentene  detected  in  this  manner  is  to  be  considered 
as  an  original  constituent  of  the  oil,  or  whether  it  lias  been  produced 
by  heating  the  fraction  180—190°  which  no  doubt  contained  linalool. 
Likewise,  the  observation  made  by  Semmler  and  Tiemann8  in  1893 
according  to  which  the  oil  boiling  17°  higher  than  the  limonene  fraction 

i.  SB,  p.  SIS.  <)  Berlcbte,  S5,  p.  1 183. 
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yielded  dipentene  tetrabromide  cannot  be  considered  as  a  proof  of  the 
presence  of  dipentene  in  bergamot  oil. 

Our  knowledge  of  the  most  important  constituent  as  far  aw  the 
odor  of  the  bergamot  oil  is  concerned,  is  due  to  two  investigations, 
published  at  nearly  the  same  time,  by  Semmler  and  Tiemann1  and  by 
Bertram  and  Walbaum.8  By  these  investigations  it  was  shown  that 
the  principal  carrier  of  the  bergamot  odor  is  the  acetic  ester  of  1-Iinalool. 

In  addition  to  this  ester,  free  1-linalool  and  possibly  substances  not 
yet  isolated  take  part  in  the  formation  of  the  aroma.  The  properties 
and  derivatives  of  linalool  and  linalyl  acetate  have  been  described  on 
pp.  128—131. 

Charabot8  has  made  a  comparative  study  of  the  oils  of  bergamot 
from  the  green  and  the  ripe  fruit.  The  oil  from  the  green  fruit  had  a 
sp.  gr.  of  0.882  at  14°,  «D  =  +  14°38';  0.289  p.  c.  of  free  acid,  33.8 
p.  c.  of  linalyl  acetate.  13.0  p.  c.  of  linalool,  and  5.9  p.  c.  of  bergaptene. 
The  oil  from  the  ripe  fruit  had  a  ep.  gr.  of  0.883,  *D=  +20° SO',  0.283 
p.  c.  of  acid,  37.3  p.  n.  of  ester.  5.9  p.  c.  of  linalool  and  5.5  p.  c.  of 
bergaptene.  He  draws  the  conclusion  that  in  ripening  the  original 
linalool  is  changed  to  the  ester  and  that  during  this  process  some 
of  the  linalool  is  dehydrated  with  the  formation  of  terpenes. 

The  bergaptene  contained  in  the  oil  to  the  extent  of  about  5  percent 
is  completely  odorless.  A  whole  series  of  investigations  has  been  carried 
out  on  this  compound.*  Pomeranz5  in  1891  succeeded  in  clearing  up 
its  constitution.  Bergaptene  CisHsO*  forms  soft,  white,  satin-like, 
tasteless  needles,  which  are  odorless  at  ordinary  temperature,  but  on 
heating  give  off  aromatic  vapors  and  melt  at  188°.  Bergaptene 
is  the  mouomethyl  ether  of  a  dioxycumarin  which  is  traceable  to  phloro- 
glucin.  By  treating  with  methyl  iodide  and  alcoholic  potassa  methyl 
bergaptenic  acid  and  its  methyl  ester  result.  According  to  this  bergap- 
tene is  the  inner  anhydride  of  bergaptenic  acid. 

Examination.  The  determination  of  the  purity  of  bergamot  oil  is 
not  difficult  because  adulterations  of  all  kinds  change  the  physical 
constants  to  a  considerable  extent.    As  the  specific  gravity  of  pure  oils 

»  Berlchtv,  2B,  p.  1182. 

>}  Jo  urn.  (.  prakt.  Ctaem.,  II,  4.1.  p.  602. 

»>  Ball.  Soc.  chlm.  Ill,  Bl.  p.  1088. 

•  I  Mulder  (1889),  Liebl«'s  Aanalen,  81,  p.  TO.— Ohm*  (1889),  Ibid..  81.  p.  820.— 
Franks,  Dlaaertatlnu.  ErlanRsn,  1880.— Godelroj  (1881).  zeltnchr.  d.  allarm.  flsterr. 
a.poth.  Ver..  19.  p.  1;  Chera.  OentraJbl..  1881,  p.  873.  —  Tllden  *  Beck  (1800).  Joarn. 
Chera.  Soc.  ST.  p.  828;  Chetn.  Centralbl.,  1800,  I,  p.  719—  (.'darner  (1891).  Bull.  Boc. 
chtui.,  III.  0.  p.  30:   Chem.  Centralbl.,  1891.  II,  p.  879. 

sj  Unnatah.  f.  Ohem.,  12,  p.  879;  14,  p.  28. 
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varies  within  the  comparatively  narrow  limits  of  0.882— 0.88W,  the 
addition  of  turpentine  oil,*  lemon  oil,  orange  oil,  aa  well  as  distilled 
bergamot  oil  produce  a  decrease,  fatty  oil,  cedar  wood  oil  or  gurjun 
balsam  oil  an  increase  in  the  density.  A  part'  of  these  adulterants 
would  also  change  the  angle  of  rotation  which  lies  between  +8  and 
+  20"  with  pure  oils. 

The  solubility  determination  with  90  percent  alcohol  gives  with 
bergamot  oil  results  of  only  alight  value,  as  by  it  only  very  extensive 
adulterations  can  be  recognized.  Only  a  part  of  pure  bergamot  oils,  as 
already  mentioned,  are  soluble  in  80  percent  alcohol.  If  a  bergamot  oil 
dissolves  to  a  clear  solution  in  this  solvent  it  is  free  from  fatty  oil, 
turpentine  oil  and  orange  oil.  If,  however,  it  does  not  dissolve,  this, 
may  be  due  either  to  an  adulterant,  for  instance,  fatty  oil,  or  also  to 
the  presence  of  large  quantities  of  bergaptene  or  wax-like  constituents. 

The  detection  of  fatty  oil  is  effected  by  weighing  the  residue  left  by 
evaporating  the  oil  at  100°,  which  with  normal  oil  amounts  to  o — 6  p.  c. 

About  5  g.  o!  oil  (weighed  accurately  to  1  eg.)  a(v  weighed  off  in  a  glass 
or  porcelain  dish  and  heated  on  a  waterbath  until  that  which  remains  has 
lost  all  odor  of  Uergamot  oil.  After  cooling,  the  dish,  previously  tared,  is 
weighed  with  the  residue.  If  this  amounts  to  more  than  6  p.  c.  of  the  oil 
UHttd,  fatty  oil  is  present.  Each  additional  percent  represents  one  percent  of 
adulterant.  Thus  e.  g.  a  bergamot  oil  adulterated  with  5  percent  of  olive  oil 
will  leave  a  residue  of  from  10  to  11   p.  <;. 

In  Hie  oils  adulterated  with  turpentine  oil,  orange  oil  or  distilled 
bergamot  oil  the  residue  will  in  certain  eases  amount  to  considerably 
less  than  5  or  (i  percent. 

The  determination  of  the  residue  is  of  special  importance  as  fatty 
oil  gives  a  high  saponification  number  and  may  therefore  easily  give 
rise  to  mistakes. 

Ebtek  Content.  The  determination  of  the  ester  content3  which  is 
described  iir  detail  on  page  198.  not  only  allows  of  the  detection  of 
adulterations,  but  also  furnishes  a  criterion  of  the  quality  of  the  oil. 
This  is  the  better,  the  greater  the  amount  of  linalyl  acetate. 

By  the  saponification  the  addition  of  the  essence  obtained  by  the  dis- 
tillation from  the  press  residues  or  the  small  rejected  fruit,8  which  shows  a 
much  smaller  saponification  number  than  theexpressed  oil,  is  also  detected. 

i)  Ah  bergamot  oil  contains  no  plnene.  the  presence  of  this  hydrocarbon  can  be 
considered  as  a  proof  of  the  adulteration  with  turpentine  all. 

'1  An  according  to  Burntr&)rer  (ZeltBchr.  f.  anal.  Chem..  Bfi,  p.  S.I)  the  evaporation 
residue  on  saponification  give-  number*  which  correspond  to  an  amount  ol  2  p.  c.  of 
linalyl  acetate,  this  number  oojrht  by  rinht  to  be  deducted  from  the  result  found.  This  Is. 
however,  not  done,  as  the  method  would  thereby  be  only  made  unnecessarily  complex. 

■}  An    oil    obtained    In   Messina  by   diminution   from   the  expressed   bergnmot    peel 
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200.    Oil  of  Cedro. 

Tlie  oil  offered  in  commerce  under  the  name  of  cedro  oil  or  cedrate 
oil  i«  nothing  more  than  a  mixture  of  lemon  oil  and  other  oils. 

Genuine  cedro  oil,  obtained  by  expression  from  the  rind  of  Citrus 
medico.  Riaso  (Cedro  ordinario,  Cedratier  ordinaire),  is  a  yellow  liquid 
of  a  pleasant  odor  reminding  of  citral  or  lemon  oil. 

In  physical  as  well  as  chemical  behavior  cedro  oil  differs  but  little 
from  lemon  oil.    Its  specific  gravity  is  0.871  at  15°,  «d  =  +  67°8'.1 

Upon  distillation  the  larger  part  of  the  oil  passes  over  from  177  to 
220°.  By  boiling  with  an  alcoholic  solution  of  ,J-naphthyiamine  and 
pyrotartaric  acid  citryl-;S-naphtho-einchoni!iic  acid  was  obtained  in  yellow 
crystalline  leaflets,  melting  at  197—200°,  by  which  the  presence  of  citral 
in  i-edro  oil  was  shown. 

201.    Oil  of  Limette. 

Oleum  Liwettae.  —  Llinettill.  —  Essence  de  Limette. 

Two  oils  coming  from  different  plants  and  of  entirely  different 
properties  are  designated  by  the  common  name  of  limette  oil*  which 
according  to  their  source  may  he  called  West  Indian  and  Italian 
limette  oils. 

West  Indian  Limette  Oil.  The  West  Indian  limette  or  lime, 
Citrus  medien  L.,  var.  ni-idn  Brand  is. B  is  cultivated  on  Montserrat, 
Dominica,  Jamaica  and  Trinidad  on  account  of  its  acid  juice,  com- 
mercially known  as  lime  juice. 

The  oil  obtained  from  the  peel  of  the  fruit  by  expression  (oil 
of  limette)  is  of  a  golden  yellow  color  and  can  hardly  be  distinguished 
from  a  good  lemon  oil  by  its  odor,  if  the  greater  intensity  of  the 
limette  oil  is  not  considered.  Up.  gr.  0.873*  at  2!)°  to  0.882  at  15°; 
«D=  +  3i*  to  +  38°.    The  most  important  constituent  of  the  oil  is  citral. 

Entirely  different  from  the  expressed  oil  is  the  distilled  oil  which  is 
obtained  as  a  by-product  in  the  evaporation  of  the  juice  and  is  known 
in  commerce  under  the  name  of  oil  of  limes.  Its  odor  is  unpleasant, 
terebint Innate,  and  no  longer  reminds  of  citral.    Probably  this  aldehyde 

powewwd  an  ester  content  of  only  12  p.  c.  (up.  «r.  0.805).  Two  oils  distilled  from  the 
peel  or  fallen  unripe  hergnmnt  fn,(t  contained  0.8  and  28.5  p.  c.  of  eater  (sp.  gr.  0.808 
juid  O.M80).     (Berlcht  von  8.  A.  Co.,  Oct.  18i>4,  p.  13.1. 

i)  Berlcht  ron  8.  ft  Co..  Oct.  1805.  p.  18. 

')  Arch.  d.  Pharm.,  288.  p.  174, 

s|  Bulletin  of  Miscellaneous  Information.  Royal  Hardens  Ken-,  1804,  p.  118. 

+)  Pharm.  Jonrn.,  Ill,  15.  p.  822. 
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is  completely  destroyed  by  the  boiling  of  the  acid  liquid.  Sp.  gr.  0.865  ■ 
— 0.808;*  'id  =  +38°  52'.    It  boils  between  175  and  220°. 

Italian  Li  matte  Oil.3  The  fruit  of  the  South  European  limette, 
Citrus  Hmcttu  Risso  (Citrus  limetta  vulgaris,  Lima,  dulcis,  Lima  di 
Spagjm  dole,  Limettier  ordinaire)  distinguishes  itself  from  that  of  the 
West  Indian  by  its  sweet  juice. 

The  oil  obtained  by  expression  from  the  peel  is  of  a  brownish-yellow 
color,  has  an  odor  reminding  strongly  of  bergamot.  oil,  and  forms  it 
yellow  deposit  in  considerable  amounts  on  standing.  Sp.  gr.  0.872: 
«D  =  +58°  19';  saponification  number  75. 

The  composition  of  the  Italian  limette  oil  is  very  similar  to  that  of 
l>ergamot  oil,  only  the  limette  oil  contains  more  limonene  and  less 
linnlyl  acetate. 

The  limonene  is  the  dextrogyrate  modification  («d  = +8104.V, 
sp.  gr.  0.848)  and  yields  a  dihydrochloride8  melting  at  50°,  as  well  us 
a  tetrabroniide  melting  at  105°. 

In  the  oil  investigated  by  Gildemeister  26.3  p.  c.  of  linalyl  acetate 
were  present  (b.  p.  101—103°  at  13  mm.,  sp.  gr.  0.898,  «D  =  —9° 52'). 

After  saponification  with  alkali,  acetic  acid  was  found'  in  the  alkaline 
solution,  while  from  the  oil  1-linalool  (b.  p.  88.3—89.5°  at  13  mm.. 
sp.  gr.  0.870.  [«]d  =—20° 7')  was  separated  by  fractional  distillation. 
From  it  citral  was  formed  on  oxidation.*  Linalool  is  present  in  the 
oil  partly  in  the  free  state,  partly  as  acetic  acid  ester. 

The  limettin  which  separates  from  the  oil  on  standing  melt«  according 
to  Tilden6  at  121—122°.  It  haa  the  composition  C0H8(OCH8)2.CsH0a 
and  yields  on  melting  with  potassa,  besides  acetic  acid,  phloroglucin. 

202.    Oil  of  Limette  Leaves. 

The  oil  of  the  leaves  from  Citrus  limetta  contains  according  to 
Watts*  (1892)  an  inactive  terpene,  boiling  at  170—177°.  which  yields 
with  hydrochloric  acid  a  crystalline  hydrochloride  melting  at  49 — 50° 

i)  Pbarni.  Joiim.,  Ill,  14.  p.  1005. 

I)  OIldemelBter,  loc.  tit. 

*)  The  tame  dihydrochloride  wan  obtained  by  cie  Loca  Id  lflSO  (Compt.  read.,  31, 
p.  23H)  Irorn  the  terpens  boiling  at  180°  of  an  oil,  which  la  designated  as  coming  from 
Citrus  /iwli,  but  which  In  all  probability  wan  Italian  limette  oil.  Comp.  Olldemelater. 
loc.  clt. 

•)  To  which  compound  the  "LlmettaSure,"  C„ntO,  obtained  by  Vohl  in  1658  upon 
the  oxidation  of  the  oil  (Archiv  d.  Pharm.,  124,  p.  10)  owes  Its  rtrlgln.  la  uncertain. 

•)  Jonrn.  Chem.  Soc.,  61,  p.  844;  aluo  TUden  A  Beck,  Joiirn.  Cham.  Sac,  57,  p.  828. 

*)  Jours.  Chem.  Soc.  49,  p.  816. 
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and  is,  therefore,  dipeutene  or  limonene.  Fraction  220 — 230°  yielded 
upon  oxidation  with  chromic  acid,  acetic  acid  and  pelargonie  acid,  on 
account  of  which  it  is  considered  as  methyl  nonyl  ketone. 

203.    Oil  of  Mandarins. 

Oleum  Mandarlnae.  —  Mandarliienol.  —  Essence  de  Saad*rines. 

Origin.  The  peel  of  the  pleasant  tasting  fruit  of  Citrus  mndurensis 
Loureiro l  known  as  mandarins  contains  a  very  pleasant  smelling:  oil, 
which  is  obtained  like  the  oils  of  the  other  agrumen  fruits,  by  expression. 

Properties.  Mandarin  oil  is  a  golden  yellow  liquid  with  a  slight 
hlutsh  fluorescing,  which  becomes  more  promiuent  when  the  oil  is 
diluted  with  alcohol.  The  odor,  although  similar  to  that  of  lemon  oil, 
is  more  pleasant  and  distinctly  different  from  it.  Sp.  gr.  0.854 — 
0.858 ;  aD  —  +  65  to  +  75°. 

Two  mandarin  oils2  distilled  in  Porto  Alegre  (Brazil)  had  the 
following  properties:  Sp.  gr.  O.WTtlij  and  0.8510;  angle  of  rotntion 
+  74°16'  at  17°  arid  +  74°20'  at  1(1°.  Both  oils  were  distinguished  by 
a  beautiful  blue  fluorescence. 

(Imposition.  The  oil  began  to  boil  at  175°  and  all  except  a 
small  residue  went  over  up  to  179°.  The  fraction  boiling  at  175 — 177° 
(«d=  +76° 45')  gave  on.  bromi  nation  in  glacial  acetic  acid  Molution  a 
tetrubromide  melting  at  104 — 105°  (Gildemeister  and  Stephan,8  1897). 
By  conducting  hydrochloric  acid  into  the  same  fraction  dipentene 
dihydrochloride,  m.  p.  49°,  resulted  (de  Luea,4  1857).  According  to 
this  the  greater  part  of  the  mandarin  oil  consists  of  d-limonene. 

If  the  portion  which  did  not  distill  over  up  to  177°  be  treated  with 
bisulphite  solution,  an  addition  product  is  obtained,  from  which  an 
oil  is  separated  by  alkali.  This  behaves  like  a  mixture  of  citral  and 
citronellal  when  condensed  with  pyrotartaric  acid  and  ^-naphthyl amine. 
The  melting  point  of  the  naphtho-cinuhoninic  acid  formed  is  not  constant. 
At  197"  (the  melting  point  of  the  pure  citral  compound)  the  body 
begins  to  run  together,  but  does  not  melt  completely  until  222° 
( (melting  point  of  the  citronellal  compound  225°).  The  positive  identi- 
fication of  these  two  aldehydes  in  the  oil  has,  therefore,  not  yet  been 
made. 


1)  According  to  de  Lucca  (Bee  footnote  4.)  the  mandarin  le  obtained  li-oi 
blgarmdla  sinensis  and  C.  b.  mjrrtllblla,  according;  to  Sawet  lOdoronraphla 
p.  T41  and  r.  MfiUer  (Select  Extra-Tropical  Plants,  9th  ed.,  p.  ISO)  howev 
citrus  oobllla  Louralro. 

'1  Baric  tit  von  8.  *  Co.,  Apr.  1899,  p.  OS. 

■)  ArehlT  d.  Pharm.,  285,  p.  583. 

•)  Compt.  rend.,  43.  p.  904. 
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According  to  Flatau  and  Labbe1  tlie  expressed  mandarin  oil  ton- 
tains  the  same  enter,  difficultly  soluble  in  alcohol,  as  does  orange  oil 
(comp.  page  472). 

204.    Oil  of  Grape  Fruit 
The  fruit  of  Citrus  decurn»na  L.,  known  as  shaddock  or  gTape  fruit, 
contains    in    its   peel    u    small    amount    of    volatile    oil,    which    can    be 

obtained  by  expression  or  by  distillation. 

An  oil2  expressed  from  fruit  which  came  from  Orlando  in  Florida 
possessed  an  exeedingly  pleasant  odor,  reminding  of  bitter  oranges,  the 
sp.  gr.  was  0.8(10  and  rotatory  power  ui>=  4"i>4-°30'. 

205.    Oil  of  Neroli. 

Oleum  tlorum  Aiirantli,— Orangenbluthenftl.— Essence  de  Scroll. 
Origin  and  History.    The  oil  of  neroli  is  obtained  by  the  distillation 
with  water  from  the  fresh  blossoms  of  the  bitter  orange,  Citrus  bigamdhi 

Oil  of  orange  flowers  was  known  as  early  as  the  sixteenth  century. 
Its  distillation  was  described  for  the  first  time  by  Porta.  About  a 
century  later,  in  the  year  1680,  it  appears  to  have  been  mnde  the 
fashionable  perfume  by  the  Duchess  Flavio  Orsini,  Princess  of  Neroli. 
hence  the  name  of  essence  of  neroli.  On  account-  of  its  delicate  pleasant 
odor,  the  oil  has  l>een  able  to  hold  its  reputation  as  one  of  the  finest 
flower  perfumes.  This  is  also  true  of  the  distilled  orange  flower  water. 
or  Aqua  nnph/ie,  which  is  used  extensively  for  the  aromatizing  of  food. 
confections  and  beverages,  also  for  toilet  purposes.  The  distillation  of 
orange  flower  oil  was  described  hy  Benatius  in  ISOfl.  The  oil  was 
investigated  in  1825  by  Bonastre9  and  in  1828  by  Boullay.* 

Preparation.  Oil  of  neroli  is  obtained  exclusively  in  southern 
France  from  the  blossoms  of  the  bitter  orange.  The  oil  is  not  pro- 
duced in  Italy. 

Properties.  The  oil  of  neroli  of  commerce  is  a  yellowish,  slightly 
fluorescent  liquid,  which  becomes  brownish-red  when  exposed  to  light, 
of  an  intensive,  highly  pleasant  odor  reminding  of  orange  blossoms. 
and  a  bitter  aromatic  taste.  Sp.  gr.  0.870—0.880.  The  rotatory  power 
is  slightly  dextrogyrate,  «ij  =  + 1°80'  to  +Ti°.  The  oil  is  soluble  in 
\%— 2  vols,  of  80  p.  c.  alcohol.  On  the  further  addition  of  alcohol  tlte 
liquid    becomes    turbid,    and    on    standing   crystalline  flakes  consisting 

M  Bull    Sou.  chilli.,  Ill,  19.  p.  864.  »>  . 

')  Kertcht  von  H.  ft  Co.,  Apr.  1S<J4.  p.  27.  *>  . 
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of  paraffin  collect  on  the  surface.  The  alcoholic  solution  of  neroli  oil 
distinguishes  itself  by  a  beautiful  violet-blue  fluorescence,  which  becomeH 
especially  prominent  when  some  alcohol  is  poured  in  a  layer  above 
the  oil. 

On  strongly  cooling,  the  oil  becomes  turbid  on  account  of  the 
separation  of  paraffin.    At  times  it  even  solidifies  to  a  butter-like  mass. 

The  saponification  number  of  good  oils  lies  between  20  and  52. 
corresponding  to  an  amount  of  7—18  percent  of  linalyl  acetate.  Oils 
witb  a  saponification  number  higher  than  S3  are  suspicious.  Details 
are  mentioned  under  Examination. 

In  order  to  ascertain  the  properties  of  oils  which  were  undoubtedly 
genuine,  fresh  orange  blossoms  which  were  partly  preserved  with  salt, 
partly  with  sea  water,  for  transportation,  were  distilled  by  the  firm  of 
Schimmel  &  Co.1  and  about  0.1  percent  of  oil  obtained  which  possessed 
the  following  properties : 


No. 

1  Specific  jrrurlty 

"0 

I  i 

Behnvlor  In  u  frmilnst  mixture 

1. 

a. 

8. 

4, 

'            U.8W7 
1            0.881 
1          0.87B 
1          0.S72 
1 

inactive 

—  0°52' 
-u°40' 

|      41* 

1   li 

solidifies  to  n  butter-like  tusks. 
>  viscous,  tint  not  liecoiniiiK  solid. 

The  rotntory  power  of  No.  2  could  not  be  determined  on  account 
of  its  dark  color.  Nos.  H  and  4  are  distillates  of  the  same  shipment, 
of  blossoms.  No.  4  consists  only  of  the  oil  which  separated  directly  in 
r  on  distillation.  Its  preparation,  corresponds  to  the  method 
m ployed  in  southern  France,  where  orange  blossom  oil  is 
i.  by-product  in  the  manufacture  of  orange  blossom  water, 
ormal  product,  i.  e.  a  mixture  of  oil  separating  at  once 
obtained  by  cohobation  from  the  water.  The  oils  obtained 
by  these  two  methods  differ  but  slightly. 

Of  still  greater  importance  for  the  determination  of  the  constants 
of  pure  commercial  oils  than  these  experiments  with  preserved  blossoms. 
are  the  distillations  of  fresh  material  by  Cbarabot  and  Pillet*  in 
southern  France.  The  oils  distilled  in  May  1898  in  Cannes  and  Antibes 
behaved  as  follows:    The  sp.  gr.  was  between  0.8720  and  0.87.17,  the 


usually  • 
obtained  f 
No.  ;t  is  i 
and  that  < 
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angle  of  rotation.  «D,  between  +1.42°  and  +  4.013°.  1  part  of  the  oil 
dissolved  in  1.8  to  1.6  parts  of  80  p.  c.  alcohol  at.  2(1°.  The  amount 
of  ester  (CioHi7OCOCHs)  present  wan  13.4—18.0  p.  c. 

Some  interesting  quantitative  distillations  were  made  by  Jean  Gras 
in  Cannes  during  the  last  harvest  (1899).  30  samples  were  distilled  at 
different  periods  throughout  the  harvest.  The  yield  increases  as  the 
season  advances,  from  0.80  to  1.23  p.  c.  25  of  the  30  samples  were 
investigated  by  Sdiimmel  &  Co.1  No  marked  differences  were- noted. 
The  sp.  gr.  varied  from  0.873— 0.877  at  15°,  saponification  number 
35.3-44.8,  «D  =  +  ;-l°22't  to  +5024'  at  20°.  All  the  oils  were  soluble  in 
l)i  and  more  parte  of  80  p.  c.  alcohol. 

Composition.  Neroli  oil  was  investigated  by  Tiemann  and  Semmler* 
in  1893  and  subjected  to  fractional  distillation  under  diminished  pressure 
at  15  mm.  in  order  to  effect  a  separation  of  the  individual  constituents. 
At  75°  a  terpene  came  over  which  was  identified  as  limonene  by  means 
of  its  tetrnbromide  melting  at  105". 

Between  88  and  94°  boiled  an  optically  luevogyrate  alcohol 
corresponding  to  the  formula  CioHiaO  of  the  sp.  gr.  0.8671  at  20°, 
which  possessed  the  properties  of  l-liimlool. 

At  97—104°  the  acetic  acid  ester  of  linalool  came  over,  sp.  gr.  0.8972 
at  20°.  likewise  laevogirate.  It  was  split  up  into  acetic  acid  and 
linalool  by  boiling  with  potassa. 

In  the  fraction  boiling  from  110—120°  a  second  alcohol,  almost 
optically  inactive  and  corresponding  to  the  formula  CioHisO  was  con- 
tained, which  consisted  principally  of  geraniol. 

The  methyl  ester  of  anthranilic  acid  occurring  in  small  quantities  in 
the  oil  and  found  in  1894  in  the  laboratory  of  Schimmel  &  Co.,s  plays 
an  important  part  in  the  formation  of  the  orange  blossom  perfume. 
The  fluorescence  of  the  oil  is  due  to  the  presence  of  this  substance. 

The  methyl  ester  of  anthranilic  acid  NH3.C9H4.C00CHb  boils  at 
132°  under  a  pressure  of  14  mm.,  melts  at  25°  and  in  an  overcooled 
state  at  15",  it  has  the  sp.  gr.  1.168.  The  odor  in  the  undiluted  state  is 
unpleasant.  It  reminds  of  the  fragrance  of  the  orange  blossom  only 
when  greatly  diluted. 

The  srearoptene  of  the  orange  blossom  oil,  also  called  neroli  camphor 
or   aurade    was    first   found    by    Boullay4    in    1828.     It  is  one  of   the 

i)  Berlcht  von  S.  *  Co.  Oct.  18f>!i.  p.  42. 
>)  Berirhte,  26,  p.  2711. 

•>  llerlrht  von  S.  &  Co..  Apr.  181)9,  p.  S3.  See  also  Walbaura,  Joum.  f.  prakt. 
CliffTiiie,  II.  39,  p.  850;  nee  alio  Erdmann,  Berlcht*.  82,  p.  1218. 

*)  Joura,  dr  Pharm.,  14,  p.  407;  TrommiidorH '«  Mnn  Joum.  d.  Pharm..  19, 1.  p.  227. 
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paraffins  which  occur  in  almost  all  oils  obtained  from  blossoms  and  in 
the  pure  state  is  completely  odorless  and  tasteless.  Its  melting  point 
is  B5°.1 

Inasmuch  as  the  decomposition  of  the  paraffin  is  wholly  improbable, 
the  assertion  by  Pliason*  (1829)  that  the  amount  of  the  stearoptene  in 
the  oil  decreases  with  age,  evidently  rests  on  a  wrong  observation. 

Examination.  The  most  common  and  most  dangerous  adulterants 
are  the  oils  of  bergamot  and  petitgrain.  As  these  for  the  greater  part 
possess  the  same  constituents  as  oil  of  neroli— linalool  and  linalyl 
acetate— the  detection  of  small  amounts  is  impossible.  Larger  additions 
cause  an  increase  in  the  specific  gravity  and  the  amount  of  esters,  which 
in  pure  neroli  oil  is  7—18  percent  (saponification  number  20 — 52),  in 
bergamot  oil  35 — t"i  p.  c.  (s.  n.  100—130),  in  petitgrain  oil  38—85  p.  c, 
(a.  n.  110-245). 

Orange  flower  oils  which  show  a  saponification  number  higher  than 
55  are  therefore  to  be  rejected  as  suspicious. 

The  property  of  neroli  oil  to  separate  paraffin  in  a  freezing  mixture 
has  been  employed  as  a  test,  which  is  not  wholly  irrational,  as  the 
addition  of  paraffin  free  oils  might  decrease  the  relative  amount  of 
paraffin  to  such  an  extent  that  a  separation  no  longer  takes  place  on 
cooling.  It  must,  however,  be  remembered  in  employing  this  test  that 
some  unadulterated  oils  may  in  certain  cases  be  poor  in  paraffin.  When, 
for  instance,  at  the  time  of  the  harvest  a  large  amount  of  blossoms  is 
to  be  quickly  distilled,  it  happens,  that  the  distillation  is  not  carried 
on  to  its  complete  exhaustion  and  that  a  smaller  amount  of  the 
difficultly  volatile  paraffin  gets  into  the  oil.  For  the  rest  it  is  necessary 
in  testing  to  depend  on  the  comparison  of  the  physical  properties  with 
those  of  good  oils,  especially  of  the  odor. 

206.  Oil  of  Neroli  Portugal. 
Oleum  Aaron  t  li  Florum  Dnlce.—  Sllsues  OrangenblntaeuSl. — Essence  de  Neroli 
Portugal. 
Oil  of  sweet  orange  blossoms,  Nfiroli  Portugal,  i.  e.  the  oil  distilled 
from  the  blossoms  of  the  sweet  orange  does  not  occur  at  all  in  commerce 
in  a  pure  state.  The  goods  sold  under  the  above  designation  are  always 
a  mixture  of  different  aurantiaceous  oils. 

An  oil  distilled  in  Germany  from  the  fresh  blossoms  of  the  sweet 
orange  Citrus  nurantium  Risso,  had  entirely  different  properties  from 

')  r-hnrniacoKi-Aphln,  2od  etl.,  p.  1SIT.  >)  Jour  a.  do  Pharm.,  II,  16,  i>.  152. 
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that  procured  from  southern  France.1  The  blossoms  used  for  the 
distillation  were  transported  from  southern  Spain  in  iron  caskets  from 
which  the  air  was  pumped  out  after  having  been  filled. 

0.1"i4  p.  c.  of  oil  was  obtained  having  the  sp.  gr.  0.893  and  the 
angle  of  rotation  «d  =  + 16°  8'. 

207.    Oil  of  Petltgrain. 

Oleum  Petltgraln.  —  PetltgrafnSl.  —  Essence  de  Petit-grain. 

Ohhjin  and  Preparation.  Petitgruin  oil  is  obtained  from  the  leaves, 
twigs  and  immature  fruit  of  the  bitter  orange,  Citrus  bignradix  Risso, 
by  distillation  with  water.  Formerly  the  oil  was  principally  produced 
in  southern  France,  until  toward  the  end  of  the  seventies  French 
colonists  began  the  distillation  in  Paraguay.  The  poor  quality  of  the 
oils  there  produced  in  the  beginning  improved  in  the  course  of  the 
years  to  such  an  extent  that  the  South  American  oil  is  now  generally 
preferred  on  account  of  its  greater  reliability  and  uniformity  to  the 
often  adulterated  French  product.  The  market  for  the  Paraguay  oil  is 
Asuncion;  the  principal  place  of  distillation  is  said  to  be  the  little  town 
of  Yaguaron.* 

Properties.  The  odor  of  petitgraiu  oil  is  similar  to  that  of  neroli, 
but  far  less  delicate,  the  taste  is  aromatic  and  somewhat  bitter,  the 
color  yellowish.  Sp.  gr.  0.887— O.900.  It  turns  the  polarized  ray  of 
light  either  slightly  to  the  right,  or  to  the  left;  hd  =  +  3°  43' to— 1°  22'. 
The  oil  is  soluble  to  a  clear  solution  in  2  parts  of  80  p.  c.  alcohol. 
Saponification  number  110—245  —  38—83  p.  c.  of  linalyl  acetate. 

Eight  different  petitgrain  oils  recently  distilled  from  the  leaves  of  the 
bitter  orange  by  Charabot  and  Pillet8  in  Cannes,  had  the  following 
properties:  Sp.  gr.  0.8910—0.8934;  «D  =  —  .j°12'  to—  0°15'.  Soluble  in 
1 — 1.1  parts  of  80  p.  c.  alcohol.  The  amounts  of  ester  varied  from 
51.5— 09.6  p.  C. 

It  may  be  remarked,  that  oils  with  so  strong  a  rotatory  power  as 
these  have  not  yet  l>een  met  in  commerce.  Moreover,  as  a  general  rule, 
petitgrain  oil  is  not  distilled  exclusively  from  the  leaves,  but  also  from 
the  unripe  fruit,  by  which  the  deviations  of  the  commercial  oils  are 
explained. 

Composition.  Semiuler  and  Tiemann*  in  1892  fractionated  petit- 
graiu   oil    under    l."»    mm.    pressure.      The    first   portions   contained    a 
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hydrocarbon  which  was  recognized  as  limonene.  The  main  fraction, 
amounting  to  70  p.  c.  of  the  crude  oil,  contained  oxygen,  boiled  from 
103—106°  and  had  the  sp.  gr.  0.8988  at  20°.  The  composition  cor- 
responded to  the  formula  CtaHaoOs.  By  treatment  with  potassa  the  oil 
was  decomposed  to  acetic  acid  and  linalool  (aurantiol)  and  consisted 
therefore  of  linalyl  acetate. 

According  to  Pansy1  linalool  is  not  the  only  alcohol  CioHisO 
contained  in  petitgrain  oil,  but  also  geraniol  in  the  free  state  as  well 
as  in  the  form  of  the  acetic  acid  ester. 

Besides  the  bodies  named  other  oxygenized,  not  yet  isolated  com- 
pounds are  present  in  the  oil,  which  take  part  in  developing  the  specific 
petitgrain  odor. 

The  amount  of  esters,  linalyl  acetate  and  geranyl  acetate,  varies 
between  40  and  85  p.  c.  and  usually  amounts  to  about  50  p.  c.  The 
last  fractions  of  the  petitgrain  oil  contain  a  sesquiterpene. 

Charabot  and  Piltet3  have  recently  shown  that  only  the  petitgrain 
oils  distilled  from  the  leaves  and  twigs  contain  no  limonene,  so  that 
the  occasional  presence  of  d-linionene'  comes  from  the  accompanying 
small  fruit  in  the  distillation.  According  to  the  authors  named,  petit- 
grain  oil  (from  the  leaves)  contains  about  70— 7."  p.  c.  of  1-linalool  and 
10— 15  p.  c.  of  geraniol,  as  well  as  small  amounts  of  a  sesquiterpene. 

Adulteration  and  Examination.  Petitgrain  oil  is  adulterated  with 
orange  oil.  lemon  oil  and  turpentine  oil.  These  additions  are  readily 
recognized  by  the  lowering  of  the  specific  gravity,  decrease  in  the 
saponification  number  and  the  solubility,  and  finally  by  the  change  iu 
rotatory  power. 

Petitgrain  citronnier.  By  this  name  an  oil  is  designated  which 
is  obtained  now  and  then  from  the  twigs,  leaves  and  unripe  fruit  of  the 
lemon  tree.  Its  odor  is  similar  to  that  of  the  petitgrain  oil.  but  the 
lemon-like  odor  accompanying  it  betrays  the  source  of  the  oil.  Sp.  gr. 
0.868— 0.H74;  «d  =  +22°5'  to  +34°12'.  Saponification  number 
14.5— ;(2.2.  The  odor,  also  the  property  of  forming  a  crystalline  com- 
pound with  bisulphite  solution  caused  the  presence  of  citral  to  be 
suspected.  In  fact  the  citryl  ,3-naphtho  cinchoninic  acid  was  obtained, 
and  the  present*  of  this  aldehyde  thereby  proven.8 

■.  p.  310.  »)  Berlcht  von  S.  *  Co.,  Oct.  18U0.  p.  59. 
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208.    Oil  of  West  Indian  Sandalwood. 

Oleum  Santali  ex  India  Occidental!.  —  Westlndlscheg  SandelholzSI.  —  Essence 
de  bois  de  Santal  des  Indes  Occidentals. 

The  botanical  source  of  the  West  Indian  santalwood  was  unknown 
until  recently.  Through  a  study  of  the  wood  and  the  leaves  Holmes, 
Kirkhy  and  Petersen  came  to  the  conclusion,  that  the  plant  must 
belong1  to  the  family  of  the  Rutaceae,  and  by  no  means  be  classed 
with  the  family  of  the  Snntalacpae.1  More  than  this  could  not  be 
ascertained  on  account  of  the  want  of  blossoms.  In  compliance  with  a 
request  by  E.  M.  Holmes  of  London,  Sehimmel  &  Co.  finally  succeeded 
in  1898  in  obtaining'  flowering  branches  of  the  tree  from  Puerto  Cabello 
in  Venezuela,  from  whence  the  wood  is  brought  into  commerce.  In  the 
investigation  Holmes  came  to  the  conclusion,  that  the  plant  belonged 
to  the  family  of  the  Rutneeae.  He  believed  it  to  be  a  representative  of 
a  hitherto  unknown  genus  and  named  it  Schimmeliii  oleifera.3  Later, 
however,  he  agTeed  with  Urban  of  Berlin,  who  determined  the  plant  as 
Amyris  tmlsumifrra  L.  The  mistake  was  caused  by  the  fact,  that  the 
genus  Am.vris  has  hitherto  been  classed  by  the  English  botanists  with 
the  family  of  the  Buraeraceae,  while  in  Germany,  and  according  to 
Holmes7  view  with  perfect  right,  it  is  classed  with  the  Rutnceae.  Now, 
as  no  species  of  the  Rutaceae  in  English  botanical  literature  corresponded 
to  the  description  of  the  West  Indian  sandalwood  plant.  Holmes  had 
considered  it  as  a  new  species. 

The  wood,  which  has  no  similarity  witli  the  East  Indian  sandal- 
wood, consists  of  sticks  from  a  thumb  to  an  arm  in  thickness.  It  is 
white  and  hard  and  covered  with  a  gray  bark.  The  anatomical  build 
of  the  wood  has  been  studied  and  described  by  Petersen  and  Kirkby. 

The  well  comminuted  wood  yields  upon  distillation  1.5— 3.5  p.  c.  of 
o  thick,  viscous  oil  of  a  weak  not  pleasant  odor. 

The  sp.  gr.  lies  between  0.960  and  0.9(57.  the  angle  of  rotation 
between  +  24  and  •+  29°.  Of  the  composition  of  the  West  Indian 
sandalwood  oil  nothing  is  known. 

209.    Oil  of  Myrrh. 

Oleum  Myrrhae.  — Mvrrhenol.  —  Essence  de  Myrrhe. 
Obiois   and   History.     Myrrh   is   the   dried  up  emulsion-like  juice, 
originally  contained  in  the  parenchyma  of  the  bark,  of  several  species  of 
the  genus  Commiphora  which  belongs  to  the  family  of  the  Burseraceap. 
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These  shrubs  grow  partly  wild,  and  are  partly  cultivated  in  the  coast 
districts  of  the  Red  Sea  especially  on  the  Somali  coast  of  East  Africa, 
and  appear  to  flourish  in  many  parts  of  Arabia  as  far  as  Persia. 

The  distilled  oil  of  myrrh  was  well  known  to  Ryff,  Cordue  and 
Gesner.  In  the  drug  and  spice  ordinances  it  is  first  mentioned  in  those 
of  the  city  of  Frankfurt- on-t he- Main  of  1587,  and  taken  up  in  the 
Dispensatoriuin  Noricuin  of  1589, 

Observations  on  the  methods  of  preparation  and  yield  were  made 
in  the  course  of  the  eighteenth  century  by  Hoffmann,  Neumann,  Spiel- 
mann,  Thielebein,  and  later  by  Braconnot,  Pelletier  and  Brandes. 

The  officinal  (Ph.  G.  III.)  or  Herabol  myrrh  is  derived  from  Com- 
miphora, abystioicn  Engl,  and  C.  achimperi  Engl,  from  southern  Arabia 
and  the  coast  districts  of  Somali-land.  It  can  be  distinguished  from 
other  varieties  in  that  the  extract  made  with  petroleum  ether  is  colored 
red  by  bromine  vapors.  This  color  reaction  is  also  peculiar  to  the  volatile 
oil  which  is  obtained  by  distillation  iu  yields  of  2.5—8.  p.  c. 

Properties.  Oil  of  myrrh  is  a  thick  fluid,  of  a  yellow  to  greenish 
color  and  has  a  strong  myrrh  odor. 

Sp.  gr.  0.988—1.0H7.  Kohler1  in  1890  found  a  density  of  only 
0.9624  at  17.5°  due  possibly  to  the  fact  that  in  the  preparation  on  a 
small  scale  the  heavier  parts  are  likely  to  remain  in  the  resin  and  only 
the  lighter  oil  comes  over.  Angle  of  rotation  «D=— 67° .54'  (KOhler)  to 
—90°,  Gladstone*  observed  in  a  10  inch  (25  cm.)  tube  a  rotation 
of  —186. 

Oil  of  myrrh  boils  according  to  Kohler  from  220—325°,  according 
to  Tucholka*  (1897)  from  260—280°.  It  dissolves  to  a  clear  solution 
in  10  parts  of  90  p.  c.  alcohol. 

Composition.  Of  the  constituents  of  oil  of  myrrh  not  one  has  been 
isolated  and  identified.  An  elementary  analysis  made  by  Ruickhold  which 
had  yielded  numbers  nearly  corresponding  with  the  formula  CioHuO, 
induced  Fliickiger*  (1876)  to  investigate  the  oil  for  carvone.  It  was 
found,  however,  that  this  body  is  not  contained  in  oil  of  myrrh. 

Bisabol  Oil  of  Myrrh.8  Bisabol,  or  Bissabol  myrrh  comes  from 
the  interior  of  the  Somali-lands  and  according  to  Holmes  is  identical 
with  the  opopanax  (see  this)  now  occurring  in  commerce.  It  does  not 
give  the  color-reaction  with  bromine  vapors  as  described  for  Herabol 
myrrh. 

1}  ArehlT  d.  PhRrni..  228,  p.  291.  *1  BertchW,  9.  p.  471. 

>)  Jourti.  Cheat.  Km-.,  IT,  p.  1.  »)  Arcblv  il.  Phnrm.,  283,  p.  289. 

")  Arcbtv  d.  Pharm..  2B.".,  p.  298. 
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If  fl  drops  of  the  petroleum  ether  extract  of  Bisabol  myrrh  (1:15)  are 
mixed  with  3  cc.  of  filarial  acetic  acid  itnd  this  liquid  poured  in  a  layer  on  top 
of  3  cc.  of  concentrated  tnilphuric  acid,  a  row:  colored  zone  i*  formed  at  the 
place  of  contact  of  the  two  layers,  and  in  a.  short  time  the  entire  acetic  acid 
layer  will  become  pink.  Herabol  myrrh  given  under  the  same  conditions  only 
a  very  slight  pink  coloration  to  the  acetic  acid  layer.  The  zone  of  contact  of 
the  two  liquids  is  green. 

Oil  of  Bisabol  myrrh  is  mobile  and  light  yellow.  Sp.  gr.  0.88.36  at 
24°;   [«]d=— 14°20  at  24°.    It  boils  from  220—270°. 

By  conducting  hydrochloric  acid  into  the  ethereal  solution  of  the 
oil  an  optically  active  di  hydrochloride  (CioHin2HCl)2,  melting  at  79.3° 
is  formed,  the  yield  being  about  8.5  p.  c;  [a]o  =  —  3o°17'  at  +7°  iu 
chloroform  solution. 

By  boiling  with  sodium  acetate  in  glacial  acetic  acid  solution  hydro- 
chloric acid  is  split  off,  and  a  hydrocarbon  "bisabolene"  is  formed 
which  is  not  identical  with  any  of  the  known  terpenes.  B.  p.  259 — 
260.5:  sp.  gr.  0.8914;  nD  =  1.4li!>8. 

210.    Oil  of  Opopanax. 

The  botanical  source  of  the  genuine  opopanax  is  still  unknown  but 
presumably  comes  from  Opopoimx  c/iironinm  Koch  (Femln  opoponax  L.). 
The  opopanax  now  found  in  commerce,  from  which  the  volatile  oil  is 
distilled,  is  according  to  Holmes1  the  gum-resin  of  Commiphora  kataf 
Engl.  [Bnlanmodemlron  k  a  fill  Kunth).  In  the  collection  of  Chinese 
drugs  it  is  commonly  designated  as  myrrh  and  has  probably  been  often 
mistaken  for  this.  According  to  Holmes  it  may  probably  be  the  myrrh 
of  the  Scriptures. 

Upon  distillation  opopanax  yields  6—10  p.  e.  of  oil  of  a  greenish- 
yellow  color  and  a  pleasant  balsamic  odor.  It  resinifles  readily  on  ex- 
posure to  air.  Sp.  gr.  0.871)— 0.905 ;  aD=— 10  to  — 12°.*  It  dissolves 
to  a  clear  solution  in  an  equal  part,  of  90  p.  <\  alcohol. 

Oil  of  opopanax  boils  with  decomposition  between  2">0  and  300° 
(Baur,8  lHflo).  The  carrier  of  the  characteristic  odor  is  found  in  the 
lower  boiling  portions.* 

Recently  Knitl"  has  made  an  investigation  of  undoubtedly  genuine 
oil.    The  oil  was  prepared  by  shaking  out  the  alcoholic  solution  of  the 

i]   I'hnrm.  J.mrn.,  Ill,  21,  p.  S38;  25.  p.  500;  61,  p.  ".05. 
3)  An  oil  distilled   in   the  laboratory  ot  Schlmnn 
from  the  uleorestn  of  another  plant.     Yield  6.T  p.  c; 
»>  Arch.  d.  Fharm..  288.  p.  285. 
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resin  with  petroleum  ether.  With  bisulphite  solution  a  brownish  mass 
was  separated,  which  on  sublimation  gave  white  colorless  needles  melt- 
ing at  188 — 184°.  The  body  corresponded  with  the  formula  CWHioOt 
and  was  called  oponai.  The  oil  itself,  when  distilled  under  diminished 
pressure  gave  at  first  colorless  distillate  having  the  odor  of  lovage  oil 
and  later  a  blue  distillate  came  over.  Crystals  of  oponai  separated  in 
the  neck  of  the  retort. 

211.    Oil  of  Olibannm  (Frankincense). 
Oleun  Oltbanl.  -  WelhnwchM.  —  Essence  d'OHUn. 

History.  The  distilled  oil  of  olibanum  was  known-  to  Valerius 
Cordus,  but  was  seldom  mentioned  in  literature.  In  the  treatises  on 
distillation  of  the  sixteenth  century  frankincense  is  mentioned  as  one  of 
the  many  constituents  used  in  the  distillation  of  the  complex  balsams. 
Oil  of  frankincense  is  first  found  as  Oleum  tharis  in  the  drug  ordinances 
of  the  city  of  Berlin  for  1574,  and  of  Fran kfurt-on-the- Main  for  1587; 
further  in  the  Dispeusatorium  Noricum  of  the  year  1589. 

The  older  investigations  of  frankincense  as  to  content  of  volatile 
oil  as  well  as  the  properties  of  the  oil  were  mostly  made  in  connection 
with  like  investigations  of  oil  of  myrrh  of  which  the  more  important 
have  been  mentioned  on  p.  487. 

Origin  and  Preparation.  Frankincense  is  obtained  from  HoxwpIHh 
r,  curterii  Birdw.  and  other  species  of  the  genus  Bmwellia  (Family 
Burxerticem')  in  Somali-land  and  in  south-eastern  Arabia.  If  the  hark 
of  the  frankincense  tree  is  cut,  a  white  emulsion  oozes  out,  which 
solidifies  after  some  time  and  then  forms  yellow  granules  (tears  or 
drops)  which  are  separated  from  the  tree  trunks  or  picked  up  from 
the  ground. 

Frankincense  yields  upon  distillation  with  steam  3—8  p.  c.  of  volatile 
oil.  It  is  colorless  or  yellowish  and  has  a  pleasant  balsamic  and 
slightly  lemon-like  odor.  Sp.  gr.  0.875—0.885;  tfD  =  —11°  to  —17° 
(Ktenhouse,!  1840). 

Composition.  Oil  of  olibanum,  consisting  for  the  greater  part  of 
terpenes,  when  distilled  comes  over  principally  about  102°.  •  After 
fractionating  several  times  a  laevogyrate  hydrocarbon  of  the  formula 
CioHia  is  obtained,  which  boils  at  157  to  160°.  It  yields  with  hydro- 
chloric acid  a  mono  hydrochloride  melting  at  127°  (Kurbatow,2  1874); 
with  amyl  nitrite  and  hydrochloric  acid   a  nitrosochloride  melting  at 

i)  Lleblg'n  Annalen,  85,  p.  SOU.  »)  LleblR'»  Annelen.  1TB,  p.  1. 
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100— 1(H°.  The  latter  when  boiled  with  alcoholic  potassa  is  readily 
converted  into  nitroso  pinene  CioHuNO  melting  at  130°,  from  which 
it  follows,  that  the  terpene  boiling  at  157  to  160°  (the  olibene  of 
Kurbatow)  is  1-pinene  (Wallach,"  1889). 

The  fraction  boiling  between  177  and  179°  yields  on  bromination 
dipentene  tetrabromide.1  The  second  constituent  of  the  oil  is  therefore 
dipentene. 

An  oil  of  olibanum  gives  with  sodium  nitrite  and  glacial  acetic 
acid  the  phellandrene  reaction,  phellandrene  is  the  third  terpene  con- 
tained in  the  oil.2 

The  oxygenized  fractions  boiling  above  175°  have  not  yet  been 
carefully  investigated. 

212.     Oil  Of  Elemi. 
Oleum  Elemi.  —  ElemtBl.  —  Essence  d'Eleml. 

History.  Elemi  is  a  dried  up  resin  juice,  comparable  with  turpen- 
tine, of  a  number  of  different  trees  belonging  to  the  family  of  the 
Burseraeeae.  At  the  present  time  elemi  resin  comes  mainly  from  the 
Philippines,  especially  from  Luzon.  Besides  this,  now  and  then  Central 
American,  Brazilian.  West  African  and  other  varieties  occur  in  the 
market. 

The  distilled  elemi  oil  was  first  mentioned  in  the  ordinance  of 
Frankfurt-on-t he-Main  of  1587  and  included  in  the  Pharmacopoea . 
Augusta na  of  1613,  likewise  in  the  Frankfurt  Pharmacopoeia  of  1640. 

The  first  determination  of  the  yield  of  volatile  oil  was  made  by 
Neumann  about  1730 ;  Bonastre  in  1823  and  Manjeau  in  1824  repeated 
the  experiment. 

Origin  and  Preparation.  The  Manila  elemi  exclusively  used  for  the 
preparation  of  elemi  oil  consists  of  a  thick,  turpentine-like,  white  mass 
enclosing  many  small  fragments  of  bark.  On  keeping  for  some  time  it 
takes  on  a  wax-like  appearance  on  the  exterior,  due  to  drying  out.  by 
which  the  outer  layer  becomes  of  a  yellow  color  and  loses  its  odor. 

When  treated  with  90  p.  c.  alcohol  in  the  cold  a  part  dissolves, 
while  a  crystalline  residue  remains.  From  the  solution  prepared  by 
boiling,  needle-shaped  crystals  of  ainyrin  separate  in  large  quantity  on 
cooling  ( Vesterberg,8  1887). 

■  )  LleblR-'K  Anna  ten,  B53,  [>.  100. 

»)  Observation  made  in  the  laboratory  ot  Schlmmel  *  Co. 

*>  Berlrht*.  20.  p.  1342. 
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.  The  botanical  source  of  the  Manila  elemi  is  not  definitely  known;  it 
is,  however,  supposed  that  its  source  is  a  species  of  Carta  rium.  Neither 
Cannrium  commune  L.  the  resin  of  which  forms  a  dry  mass,1  nor  C&na- 
riurn  muelleri  need  be  considered  in  discussing  the  source  of  Manila 
elemi,  as  the  turpentine  of  the  latter  plant  contains  according  to 
Maiden,3  (1802)  no  crystalline  constituents,  and  its  solutions  deposit  no 
crystals  on  evaporation.  Up  to  30  p.  c.  of  oil  are  obtained  from 
Manila  elemi  by  distillation. 

Properties.  Oil  of  elemi  is  colorless  or  pale  yellow  and  has  a 
decided  phellandrene  odor.  The  specific  gravity  of  the  oil  prepared  on 
a  large  scale  lies  between  0.87  and  0.91.  Distilled  on  a  small  scale 
terpenes  principally  come  over.  Hence  the  specific  gravity  is  found  to 
be  lower,  as  for  instance  by  Fliickiger*  who  determined  0.860. 

Manila  elemi  oil  in  optically  dextrogyrate;*  <«>  =  +  440  3'.  With 
sodium  nitrite  and  glacial  acetic  acid  it  gives  a  strong  phellandrene 
reaction. 

Composition.  The  fraction  of  the  oil  boiling  below  175°  contains 
according  to  Wallacli8  (1888)  d-phellandrene.  In  fraction  175—180° 
dipentene  is  present  to  such  an  extent  that  it  is  very  well  suited  for  the 
preparation  of  dipentene  derivatives.  The  dipentene  was  identified  by 
means  of  the  tetrabromide  m.  p.  125°,  and  by  the  nitroaochloride  and 
its  conversion  into  carvoxime  melting  at  93°. 

The  elemi  oil  investigated  by  Deville9  in  1849  also  contained 
dipentene,  as  it  yielded  a  solid  hydrochloride. 

Besides  these  terpenes  and  polyterpenes  elemi  oil  also  contains 
oxygenized  products,  which  readily  split  off  water,  even  when  distilled 
by  themselves,  but  especially  when  distilled  with  potassium  acid 
sulphate.1" 

In  the  preparation  of  the  oil  on  a  large  scale  a  portion  was 
obtained  which  sank  in  water.  This  boiled  in  a  vacuum  of  10  mm. 
pressure  between  153  and  163°,  the  main  portion  from  160—161°, 
Under  ordinary  atmospheric  pressure  this  fraction  boiled  at  279—280°. 
was  optically  inactive  and  had  the  sp.  gr.  1.043  at  15°.  Upon  oxidation 
with  potassium  permanganate  an  acid  of  the  melting  point  170°  was 

■  )  Phnrm  apograph  la  Indira.,  vol.  1,  p.  821. 

1)  Pharm.  Joiirn.,  III.  38,  p.  IS. 

■)  Pbarmacoftnonle.  Srd  ert  ,  p.  86. 

*)  Ad  nil  examined  by  Deville  in  1S4»  (I.leblg'a  . 
InevoKyme  and  probably  obtained  from  a  differ 
Slenhoue*.  Lfeble's  Annalen,  85    p.  804. 

■)  UeblR'H  Aanalen.  246,.  p.  2811:   252.  p.  102. 

•)  Lleblg'H  Annalen.  71,  p.  888. 
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obtained,  the  silver  salt  of  which,  stable  toward  light,  after  being 
purified  by  recrystallization  from  boiling  water,  was  analysed,  29.58  p.  c 
of  silver  being  found.1  The  composition  of  the  acid,  which  no  doubt 
represents  the  direct  oxidation  product  of  an  oxygenized  compound 
lias  not  yet  been  determined. 

213.    Oil  of  Coaima  Resin. 

The  resin  known  under  the  name  of  conima  resin  or  Hyawa  gum 
from  Ieien  heptaphyllu  Aubl.  is  used  in  place  of  frankincense  as  incense 
in  British  Guayana. 

It  contains  small  amounts  of  volatile  oil  (Stenhouse  and  Groves.* 
187(5)  which  can  be  obtained  by  distillation  with  steam.  The  oil  is 
yellowish  and  on  distillation  comes  over  mainly  between  200  and  270°- 
The  highest  boiling  portions  have  a  bluish-green  color.  When  distilled 
from  sodium  a  hydrocarbon,  conimene,  of  the  boiling  point  204°  was 
isolated.    Conimene  is  a  sesquiterpene  of  the  formula  CioHa-i. 

21,4.    Oil  of  Linaloe.* 

Oleum  Ltnaloes.  —  I.lnaloeiil.  —  Essence  de  Linaloe.    Essence  de  Llcarl. 

History.  Since  the  eighteenth  century  woods  with  a  pleasant  odor 
have  come  into  commerce  from  Mexico  and  French  Guayana  under  the 
name  of  aloe  wood,  because  they  were  first  considered  to  be  identical 
with  the  earlier  known  aloe  wood.  Mexicnn  linaloe  oil  was  first  intro- 
duced into  France  in  the  year  18(16.  Guayana  linaloe  wood  came  for 
the  first  time  to  Marseille  in  the  seventies  where  it  was  used  for  making 
the  oil.    The  oil  is  distilled  in  Cayenne  itself  only  since  1893. 

Obihin.*  On  account  of  the  great  similarity  of  their  physical  and 
chemical  properties  the  oils  from  the  wood  of  entirely  different  trees  are 
designated  by  the  common  name  of  linaloe  oil. 

The  Mexican  linaloewood,  called  in  Mexico  hignnlw  or 
Linalut,  also  Bois  de  citron  de  Mexiffue  comes  from  liursem  delpfiPchhina 
Poiss.  belonging  to  the  family  of  Bur.  eraee/ie,  and  probably  also  from 
Hnmera  aloexyhm  Engler  (Elaphriam  aloexylon  Schiede,  Amyris  linaloe 
La  Llave). 

It  occurs  in  commerce  in  the  form  of  thick  trunks,  which  are  usually 
free  from  bark  and  more  or  less  wenthered  on  the  surface  and  of  an 
ash  gray  appearance.  The  quite  spongy  and  light  wood  shows  in 
section  a  moin^-like  figure  of  brown,  close,  concentric  rings. 

i)  Beplcht  von  8.  &  Co..  Oct.  1SU6,  |i.  ! 
>)    I.k'ljle's  Annnli'n,   ISO.  J>.   238. 
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Upon  distillation,  which  is  carried  on  in  a  primitive  manner  by 
native  Indians  in  the  province  of  Guerrero,  south  from  the  capital  of 
Mexico,  the  wood  of  old  trunks  is  said  to  give  a  yield  of  H> — 12  p.  c. 
of  oil.    Wood  distilled  in  Europe  gave  only  7— fl  p.  c.  of  oil. 

The  linaloewood  from  French  Guayana.  or  Cayenne 
linaloewood  is  called  by  the  natives  Lika-ri,  by  the  French  colonists 
Boh  de  rone  mAIe.  It  is  further  designated  as  Bois  de  ro  e  femplic, 
BoisJHtwe,  Bois  de  citron  de  Cayenne,  Cedre  jaune  or  Copa.hu. 

The  botanical  source  has  not  yet  been  definitely  determined,  but 
according  to  Moeller1  Ocoten  rnudatii  Mez.,  a  tree  belonging  to  the 
Latimpeae  may.  with  considerable  probability,  be  considerd. as  its  source. 

The  wood  is  hard  and  heavy,  readily  cleavable,  on  fresh  surfaces 
yellow,  on  older  ones  of  a  reddish  color.  It  is  exported  from  Cayenne  in 
logs  deprived  of  bark,  the  size  of  which  indicate  enormous  trees. 

Pkopertieh.  Although  both  oils  are  iti  general  very  similar. 
differences  do  exist,  especially  in  the  specific  gravity  and  optical 
rotatory  power. 

The  linaloe  oil  of  commerce  is  almost  exclusively  the  Mexican. 
This  is  a  colorless  to  yellowish  liquid  of  pleasant  linalool  odor.2 
Sp.  gr.  0.87r>  to  0.89~»;  «D=  — 5  to— 12°;  saponification  number  1— K>. 
With  two  and  more  parts  of  7(1  p.  c.  alcohol  the  oil  yields  a  clear 
solution. 

Cayenne  linaloe  oil  can  be  readily  distinguished  from  the  former  by 
its  odor.  Sp.  gr.  0.870— O.HHO;  «D=- 1">°  to  —'2(1°.  Its  solubility  is 
the  same  as  that  of  the  Mexican  oil. 

Composition.  Linaloe  oil  consists  almost  entirely  of  an  alcohol 
CioHimO,  boiling  at  198— 1119°,  which  was  first  isolated  from  the 
Cayenne  oil  and  called  licareol  by  Morin8  in  1881.  Semmler*  in  18P-1 
found  it  in  the  Mexican  oil.  He  ascertained  that  it  belonged  to  the 
aliphatic  aeries  and  gave  it  the  name  of  linalool.  Barbier5  (1892)  at 
first  considered  linalool  and  licareol  as  different  bodies,  but  later 
admitted  their  identity.8 

Two  further  constituents,  of  subordinate  importance,  as  they  are 
present  in  only  small  quantities,  and  affect  the  odor  but  slightly,  have 

1)  Phnnn.  ToHt.  2U,  Num.  IB— IS. 

•)  The  odnr,  which  1h  usually  dewrlbwl  im  lemun-  <>r  roue-like,  has  not  the  slljihtent 
resemblance  either  to  that  ol  roue  or  that  of  lemon. 

»>  Compt.  rend.,  92,  p.  90S;  94.  p.  7SB:  Ann.  de  Chip,  et  Phy>.,  V,  STi,  p.  437. 

')  Berlchte,  24.  p.  207. 

■I  Compt.  rend.,  11+,  p.  874;  116,  p.  NSS. 

•)  Compt.  rend.,  121,  p.  IRS. 
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been  found  by  Hcliimmel  &  Co.1  in  the  oil.  They  are  geraniol  and 
methyl  hep  ten  one,  which  so  often  accompanies  the  aliphatic  terpene 
alcohols.  According  to  Barbier  and  Bouveaulta  linaloe  oil  contains 
also  8  percent  of  a  sesquiterpene,  0.1  percent  of  a  monatomic  and  a  like 
amount  of  a  diatomic  terpene. 

Examination.  The  adulteration  of  linaloe  oil  with  fatty  oil.  which 
has  been  observed  several  times,  can  be  readily  determined  by  its 
insolubility  in  70  p.  c.  alcohol,  by  the  increase  in  the  specific  gravity  ■ 
and  by  the  high  saponification  number. 

215.    Oil  of  Cedrela  Wood. 

About  12  different  species  of  the  genus  Cedrela  (Family  Meliaceae) 
indigenous  to  America,  yield  a  pleasantly  odorous  wood,  which  is  used 
for  making  cigar  and  sugar  boxes.    It  is  incorrectly  called  cedar  wood 

Volatile  oils  have  been  distilled  from  a  number  of  these  woods,  the 
botanical  sources-of  which  are  unknown. 

1.  Cedrela  wood  from  Corinto  (Nicaragua).8  Yield  2.3  p.  c. 
Yellow  oil  of  the  sp.  gr.  0.906  and  the  angle  of  rotation  bd=— 17°2S'. 

2.  Cedrela  wood  from  Cuba.8  Yield  1.75  p.  &  8 lightly  yellow 
oil  of  the  sp.  gr.  0.928  and  the  angle  of  rotation  aD  =  +  18o0'.  It 
contains  large  amounts  of  cadinene,  the  laevogyrate  hydrochloride  of 
which,  melting  at  118°  was  prepared. 

3.  Cedrela  wood  from  La  Plata.*  Yield  0.59  p.  c.  Optically 
inactive  oil  of  a  light  blue  color  and  the  sp.  gr.  0.928. 

4.  Cedrela  wood  from  Punta  Arenas  (Costa  Rica).8  Yield 
■1.06  p.  c.  Light  blue  oil,  boiling  from  265—270°.  Sp.  gr.  0.915; 
«d  =  —  5°  53'.  Consists  principally  of  cadinene,  as  was  shown  by  the 
preparation  of  the  dihydrochloride  melting  at  11H°. 

3.  Cedrela  wood  from  Cedrela.  brnsiliensis  (Cedrela  ndomta  L.?) 
from  Porto  Alegre.4  From  the  sawdust  of  this  wood  only  0.5 
p.  c.  of  a  light  blue  oil  of  the  sp.  gr.  0.9348  and  the  angle  of  rotation 
aD  =— 0°22' were  obtained.  The  oil  may  perhaps  be  identical  with  the 
La  Plata  cedrela  wood  oil  mentioned  above. 

216.    Oil  of  Senega  Root. 

The  senega  belonging  to  eastern  North  America,  Polyg&la  senega  L. 
(Family  Polygalaceae)  contains  according  to  Reuter"  in  ite  root  0.25 

1892.  «)  Berlcnt  von  8.  £  Co.,  Apr.  1892,  p.  41. 
*>  Bertcht  von  8.  &  Co.,  Apr.  1886,  p.  fl». 
»>  Archlv  d.  Pbarm.,  227,  p.  818. 
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to  0.83  p.  c.  ol  volatile  oil,  which  consists  of  a  mixture  of  methyl 
salicylate  and  an  ester  of  valerianic  acid. 

Quite  a  number  of  other  species  of  the  genus  Polygalu  also  yield 
methyl  salicylate  when  distilled.  Van  Romburgh1  found  this  ester  in 
the  roots  of  Polygala,  variabilis  H.  B.  K.  ,i.  ttlbiflom  D.  (!.,  of  P.  oleifers 
Heckel  and  P.  javana. 

Bourquelot2  showed  the  presence  of  methyl  salicylate  in  the  roots 
of  P.  vulgaris  L.,  P.  cakmren  F.l  Schultz  and  P.  lieprevso  Wenderoth. 

The  investigations  of  Bourquelot  render  it  probable  that  the  methyl 
salicylate  does  not  exist  as  such  in  the  root,  but  is  formed  by  the  action 
of  a  ferment,  which  he  designates  as  gaultberase,8  on  the  glucoside 
gautheriu. 

217.    Oil  of  Caacarilla. 
Oleum  CurarllUe.— 'CascarilliM.— E§sence  de  Cucarllle. 

Origin.  The  cascnrilla  bark,  coming  from  the  Bahama  islands  and 
principally  used  in  pharmacy,  is  derived  from  Croton  elttteria.  Bennet 
(Family  Euphorbiaceae).  ITpon  distillation  it  yields  l.,"» — H  p.  c.  of 
volatile  oil. 

Properties.  Cascarilla  oil  is  yellow  to  greenish  and  has  a  slight 
aromatic  odor  and  taste.  8p.  gr.  (1.800— 1>. 025;  ao^  +  2  to  +5°.  In 
90  p.  e.  alcohol  it  is  readily  soluble. 

Composition.  Or  the  but  incompletely  investigated  oil  not  a  single 
constituent  lias  been  definitely  determined.  Volckel*  in  1840  separated 
the  oil  by  fractionation  with  water  vapor  into  two  portions.  The  first 
part  was  mobile,  boiled  at  173°,  had  the  sp.  gr.  0.862  and  was  almost 
free  from  oxygen.  The  oil  which  distilled  over  later  was  viscous  and 
contained  oxygen.  According  to  Gladstone5  (1864)  the  oil  consists 
of  two  hydrocarbons,  of  which  the  one  has  a  lemon-like  odor,  boils  at 
172°,  and  is  probably  dipentene  (Briihl,6  1888).  The  second  hydro- 
carbon is  described  as  being  similar  to  calamus  oil  and  is  probably  a 
sesquiterpene. 

i)  Rec.  dea  tw.  chlm.  dea  Paju-Bns.,  18,  p.  421. 

')  Compt.  rend.,  110,  p.  802;  JourD.de  Pnftrm..  V.  BO.  pp.  06. 1HS,  488;  VI.  8,  p.  577. 

*)  Termed  betnlaae  by  Scbneetnna  la  1806  (Journal  dar  Pbarmade  von  Elaaaa 
Lothi-infc™,  28,  p.  17). 

*)  Lleblg's  Annalen.  85,  p.  807;  ramp.  TrommadorlT,  TrommadortTa  Neuea  Journ. 
A.    Plmrm.,   20,   II,  p.    18H. 

»)  Journ.  Chera.  Sot.,  17,  p.  1. 

*)  Borichte,  21,  p.  152. 
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218.  Oil  of  Stillingia. 

The  purgative  root  of  Stillingia  silvatica  1.  Mull.  (Family  Euphor- 
bioeeae)  indigenous  to  North  America  from  Virginia  to  Florida,  and 
westward  to  Kansas  and  Texas,  .yields  upon  distillation  3.25  p.  e.  of  a 
light  yellow  oil,  lighter  than  water  (Bichy,1  1885). 

219.  OU  of  Mastiche. 

Oleum  Mastitis.  —  Hastlxol.  —  E-scnce  <te  Mastiee. 

Orioix  and  History.  Mastiche  is  the  dried  resinous  juice  of  the 
evergreen  tree'  Pistucia  hnt.isrus  L.  (Family  Anncardiaeime).  This  tree 
grows  on  several  of  the  islands  of  the  Mediterranean  and  on  the 
southern  coasts  of  the  Mediterranean  as  for  as  Morocco  and  the  Canary 
Islands.  The  collection  of  the  resin  is,  however,  principally  carried  on 
in  the  island  of  Chios,  where  the  tree  is  cultivated  for  this  purpose.  The 
resinous  juice  oozes  out  slowly  from  the  slight  incisions  made  in  the 
bark  of  the  trunk,  and  dries  up  to  form  round,  colorless  granules. 

Distilled  oil  of  mastiche,  probably  obtained  by  dry  distillation. 
is  first  mentioned  about  the  middle  of  the  fifteenth  century.  Such 
an  empyreumatic  oil  of  mastiche  is  also  mentioned  in  the  inventory 
of  the  "Rathsapotheke"  at  Braunschweig  of  the  year  1518.  Ryff  and 
Gesner  distilled  mastiche  with  wine.  In  the  drug  ordinances  oil  of 
mastiche  is  first  mentioned  in  that  of  Berlin  of  1571.  in  books  on 
medicine  in  the  Phnrmacopeea  Augustana  of  1580  and  in  the  Dispenstt- 
torinm  Noricum  of  1589.  Later  the  oil  went  almost  altogether  out  of 
use.    Recently  it  is  used  in  Turkey  for  the  preparation  of  a  liquor. 

Preparation  and  Properties.  Mastiche  yields  upon  distillation 
1—2  p.  c.  of  volatile  oil.  This  is  colorless  and  smells  strongly  balsamic 
like  mastiche."  Sp.  gr.  0.858—0.868;  «p=  +  22  to  +28°.  It  begins 
to  boil  at  155° 8  and  on  distillation  goes  over  at  1C0°.  With  dilute 
acids  it  yields  terpin  hydrate.  According  to  this  the  principal  constituent 
of  oil  of  mastiche  appears  to  be  d-pinene. 

220.    Oil  of  Chios  Turpentine. 

Chios  turpentine,  already  known  to  the  ancients.*  is  obtained  by 
making  incisions  in  the  trunk  of  Pwtacin  terebintlias  L.  (Family  Ana- 

i)  Amer.  Journ.  1'harm.,  ST.  p.  381. 

'I  Beriebt  run  S.  *  Co..  Apr.  189!l.  p.  64. 

»1  Archlv  il.   Pbarni..  219,  p.  17(1. 

*)  ChiiiH  turpentine  In  the  7;'/i,'ii"''"i'  o!  Thoophrantua  and  the  ra/i/jSivA.ii  of  other 
authors-  From  LhlH  deMa-natlon  the  word  "Turpentine."  at  present  used  tor  the  rralniiu* 
Juice  of  the  different  npeciea  uf  Plnos,  In  derived.  FlUcktger  &  Han  bury,  I'aarniaeo- 
(trnphla,  p.  16«. 
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curdioce&e)  widely  distributed  in  the  orient,  especially  in  the' inland  of 
Chios.  Chios  turpentine  has  the  consistency  of  the  ordinary  turpentine 
of  the  conifers  and  like  it  consists  of  a  mixture  of  resin  and  volatile  oil. 

Upon  distillation  with  steam  about  14  p.  c.  of  oil  are  obtained 
from  this  turpentine.  The  oil  has  a  pleasant,  mild,  turpentine-like  odor, 
which  reminds  somewhat  of  mace  and  of  camphor.  Sp.  gr.  0.8G8— 
0.805);  aD=  +  12°6'>  to+lJ>°4o'.» 

When  treated  with  sodium  the  oil  boils  at  157°  and  has,  as  shown 
by  an  elementary  analysis,  the  composition  of  a  hydrocarbon  CioHio. 
The  distillate  saturated  with  hydrochloric  acid  yielded  a  solid  compound.1 
From  this  it  follows  without  a  doubt  that  Chios  turpentine  oil,  like 
ordinary  turpentine  oil,  consists  for  the  greater  part  of  pineue. 

221.    Oil  of  Schinna. 

Origin.  Sehinus  molle  L.  indigenous  to  South  America,  is  often 
planted  in  southern  Europe  on  account  of  its  fine  feathery  leaves  and 
fragrant  yellow  clusters  oF  blossoms.  The  aromatic  berries  serve  for  the 
preparation  of  a  wine-like  drink.  They  taste  at  llrst  sweet,  later  spicy 
and  at  last  sharply  pepperish  and  are  used  quite  extensively  in  Greece 
in  place  of  pepper.  In  odor  they  are  similar  to  elemi,  but  also  remind 
of  pepper  and  juniper  and  yield  upon  distillation  3.35 a  to  5.2  p.  c*  of 
volatile  oil. 

Properties.  A  mobile  oil,  having  the  odor  of  phellandrene;  sp.  gr. 
0.850;  «d  =  +46°4'  at  17°,  soluble  in  3.3  and  more  parts  of  90  p.  c. 
alcohol. 

Composition.  By  conducting  hydrochloric  acid  into  the  lowest 
boiling  fractions  Bpica5  in  1884  obtained  a  solid  monohydrochloride 
melting  at  115°.  the  formation  of  which  can  probably  be  traced  to 
pinene.  A  nitrosoehloride  could  be  obtained  in  only  very  small  quanti- 
ties from  a  fraction  boiling  up  to  170°  of  an  oil  investigated  by  Gilde- 
meister  and  Stephan,8  from  which  it  follows,  that  only  a  small  part,  of 
the  oil  estimated,  at  most  %  p.  c  can  consist  of  pinene.  The  largest 
amount  boils  from  170—174°  («d  =  +  60°  21',  sp.  gr.  0.839)  and  gave 
with  sodium  nitrite  and  glacial  acetic  acid  a  strong  phellandrene 
reaction.  As  follows  from  the  optical  behavior  of  the  fractions  of  the 
nitrite,  the  phellandrene  in  sehinus  oil  is  a  mixture  of  much  dextrogyrate 
and  very  little  laevogyrate  phellandrene. 

>)  ArchlT  d.  Phsrm.,  219.  p.  170.  *)  Berth  t  von  S.  &  Ci>.,  Apr.  18B7,  p. 411, 

»)  Bjrtcbt  tod  S.  *  Co..  Oct.  1895,  p.  67.  »)  Gail.  ehlm.  Ital.,  14.  p.  204. 

■)  Jahrecb.  der  Pharm..  18S7.  p.  25.  ■)  Arrhlv  <J.  Pharm.,  285.  p.  569. 
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With  alkali  a  phenol  can  be  shaken  out  of  the  oil,  which  8pii-a 
regarded  as  thymol ]  on  account  of  the  melting  point  156°  of  its  nitrite. 
In  the  oil  investigated  by  Gilderaeister  and  Stephan,  carvaerol,  (iao- 
eyanate  compound,  m.  p.  140°)  was  present,  but  no  thymol. 

Spica  observed  in  the  fraction  boiling  from  180 — 185°,  which  had 
been  exposed  for  some  time  to  the  light,  a  crystalline  body,  melting  at 
1(511°  and  supposed  it  to  be  identical  with  pinol  hydrate  CioHwO.HgO 
first  found  by  Sohrero.  This,  however,  is  excluded,  as  pinol  hydrate 
melts  at  131°. 

222.    Oil  of  Cognac, 
Oleum  Vltls  Vlnlforae.-CoffiiacBI.-Holte  Volatile  de  Cognac  on  de  Lt    de  Via. 

Origin  and  Preparation.  The  specific  aroma,  peculiar  to  wine  and 
cognac  is  produced  by  the  ethereal  fusel  oil.  It  is  also  called  oil  of 
cognac  (Ger.  Drasenol.  Weiabeerol,  Weinol)  and  is  a  product  of  the 
fermentation  action  of  wine  yeast.  For  this  reason  it  is  principally 
found  in  the  yeast  deposited  from  the  wine  on  the  bottom  after  com- 
pletion of  the  fermentation.  The  wine  itself  contains  only  minute 
amounts  of  it  in  solution,  namely  1  part  of  oil  in  40,000  parts. 

For  the  preparation  of  oil  of  cognac  either  the  residues  (liquid  wine 
yeast)  remaining  in  the  barrels  after  removing  the  clear  wine,  are 
distilled,  or  the  yeast  cakes  remaining  after  expression  of  the  liquid  are 
utilized. 

The  distillation  is  conducted  in  a  very  primitive  manner  in  the  wine 
districts.  Formerly  a  barrel,  lined  with  lead  and  provided  with  a  con- 
denser, the  contents  of  which  were  heated  with  direct,  steam,  served  as 
distilling  apparatus.2 

According  to  a  more  recent  description,8  ordinary  whiskey  stills  are 
used,  which  are  heated  by  Are  and  provided  with  a  stirring  arrange- 
ment to  prevent  the  burning  of  the  yeast. 

Before  the  distillation  additions  of  various  kinds  are  sometimes 
made  to  the  yeast  mixed  with  water,  the  purposes  of  which  are  not 
clearly  understood. 

According  to  Rautert2  to  50  k.  of  lees  2-"i0  g.  of  sulphuric  acid  are 
added,  by  which  the  mass  is  said  to  become  more  fluid.  In  the 
Palatinate  to  a  mixture  ,of  1  part  of  lees  with  5  parte  of  water,  2  p.  c. 
of  freshly  slacked  lime,  1  p.  c.  of  potasea  and  1  p.  c.  of  salt  are  added. 

i)  Nltrouornrvacrol  melta  nt  153°.  •)  ChemUt  nnd  Druggist,  30,  pi  188. 

>)  Dlngl.  iiolytwhn.  Journ.,  148.  p.  71. 
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The  oil  collected  in  the  receiver  floats  on  top  of  the  alcohol  con- 
taining water,  from  which  liquid  still  further  amounts  of  oil  can  be 
obtained  by  cohobation.  The  yield  of  cognac  oil  from  yeast  cakes  is 
given  as  0.086—0.066  p.  c.  Hchimmel  &  Co.  obtained,  however,  from 
the  wine  yeasts  from  the  Rhine  and  Palatinate  0.07—0.12  p.  c.  of 
cognac  oil. 

Properties.  The  crude  cognac  oil,  usually  colored  green  by  copper, 
contains  large  amounts  of  free  fatty  acid,  which,  because  odorless,  may 
be  considered  as  a  worthless  constituent.  For  purification  the  oil  is 
first  freed  from  copper  by  shaking  with  tartaric  acid  solution,  then 
freed  from  fatty  acids  by  treatment  with  soda  solution,  and  in  this 
condition  forms  the  second  quality  of  cognac  oil.  The  finest  quality  is 
prepared  by  the  rectification  of  the  oil  so  purified.  In  this  process  a 
part  of  the  slightly  odorous  esters  of  the  higher  fatty  acids  are  kept 
back,  on  account  of  which  the  distillate  of  course  becomes  stronger. 
The  physical  properties  of  these  three  varieties,  the  crude,  purified  and 
rectified  oil,  are  of  course  different.  As,  however,  the  observation  material 
at  hand  is  insufficient,  general  means  of  differentiation  cannot  at  present 
be  given. 

Oil  of  cognac  possesses  a  stupifying  odor,  which  is  unpleasant  and 
even  offensive  in  the  undiluted  state.  Often  an  empyreumatic  odor  is 
perceptable,  due  to  careless  preparation. 

The  specific  gravity  of  different  crude  cognac  oils,  coining  from  the 
Moselle,  from  Tyrol,  from  the  Rhenish  Palatinate  and  the  Rheingau 
varied  between  0.875  and  0.885. ]  Optically  they  were  slightly  laevo- 
or  dextrogyrate,  ao=0°:i'  to  +  0°43'.  The  oil  is  but  sparingly  soluble 
in  70  p.  e.  alcohol ;  of  80  p.  c.  alcohol  1.5  to  3.5  parts  are  necessary  to 
form  a  clear  solution.  The  ester  number  varies  between  140  and  250, 
the  acid  number  between  50  and  over  100. 2 

Composition.  As  the  result  of  an  investigation  made  by  Pelouze8 
and  Liebig  in  1836  the  oenanthic  acid  ethyl  ester  CisHisOa  was  con- 
sidered as  the  principal  constituent  of  wine  fusel  oil.  Later  Delffa* 
asserted  that  the  "oenanthic  acid"  of  the  ester  was  identical  with  polar 
gome  acid.  Fischer''  then  showed  on  a  Palatinate  cognac  oil,  that  the 
"oenanthic  acid"  which  had  been  considered  as  a  single  substance,  was 

<)  Judging   from    the   low    sp.  gr.    0.85  at    20°   the  nil   examined    by   Grimm    (see 
following  page.)  must  have  contained  alcohol. 
1)  Bertch t  tod  S.  &  Co..  Apr.  1890,  p.  18. 
>)  Lleblg's  Annalen,  10,  p.  241. 

*)  PojrgeBdorfra  Annalen,  84,  p.  503;   Lleblg'a  Annalen,  SO,  p.  200. 
*)  LleblR'i,  Annalen,  118,  p.  SOT. 
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a  mixture  of  much  eaprinic  with  a  little  caprylic  acid.  In  Hungarian 
cognac  oil  Grimm1  (1871)  likewise  found  eaprinic  and  caprylic  acid. 
the  eaprinic  acid  being  present  in  larger  amount.  From  the  non-acid 
portions  of  the  saponified  oil,  Halenke  and  Kurtz2  were  able  to  separate 
only  ethyl  and  amyl  alcohol,  but  no  butyl  nor  propyl  alcohol. 

According  to  this,  cognac  oil  consists  principally  of  ainyl  caprinate 
and  ethyl  caprinate.  These  esters,  however,  are  not  its  most  important 
constituents,  as  the  specific  odor  is  due  to  other,  not  yet  isolated 
compounds. 

An  investigation  made  by  Morin8  in  1887  of  a  genuine  cognac, 
which  had  been  distilled  in  1883  in  Surgeres  in  lower  Gharente.  in  of 
interest.  He  found  in  HKl  liters  of  cognac  the  following  constituents  in 
the  stated  amounts: 

Aldehyde Traces. 

Ethyl  alcohol r.0,837.00  g. 

Norma)  |>tii|>yl  alcohol.... 27.17  " 

Isolmtvl   Hlcoliol fl.52  " 

Amyl  ali-obol 190.21  " 

Poffamll  , 

Ha**,      } 219 

Pleasant  smelling  oil  ol  win«*. 7.61  " 

Acetic  acid Traces. 

Butyric  arid " 

Isobutyleop  glycol.. 2.19  " 

Glyoeriu 4.8W  " 

In  the  investigation  of  another  cognac.  Ordonneau8  in  1886  found 
218  g.  of  normal  butyl  alcohol  in  a  hectoliter,  and  considered  this  as 
the  characteristic  product  of  the  fermentation  of  the  elliptical  yeast. 
Later,  however,  it  was  found,  that  the  cognac  investigated  by  Ordon- 
neau  had  probably  been  prepared  from  a  wine,  which  had  contained 
the  Bacillus  hutyricus,  aud  the  presence  of  the  butyl  alcohol,  which 
does  not  form  under  normal  conditions  is  to  be  traced  to  this  source. 

From  these  investigations  it  follows,  that  the  cognac  oil,  when  it  is 
obtained  in  the  manner  described  above,  is  far  from  containing  all  of 
the  constituents  of  cognac.  It  is  therefore  never  possible  to  obtain 
with  such  an  oil  a  product  that  can  be  compared  to  a  genuine  cognac 
prepared  by  distillation  from  wine. 

i)  Lleblg'a  Anualen,  1ST,  p.  :!('.+. 
*)  Ibid.,  p.  270. 
«)'f)ompt.  rend.,  103,  p.  1019. 

»)  Probably  Identical  with  the  cognac  oil  obtained  troni  yeant. 
«)  Compt.  rend.,  102,  p.  217;   comp.  aIhu   ClaudoD   A  Morin,   Compt.   rend.,  104. 
p.  1109;  further  Sell.  Arbelteii  hub  dem  kala.  OesundholtBamte.  6,  p.  885. 
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Examination.  The  tests  are  at  present  restricted  to  the  determina- 
tion of  a  possible  presence  of  alcohol.  For  this  purpose  a  certain 
quantity  of  cognac  oil  is  shaken  in  a,  graduated  cylinder  with  an  equal 
volume  of  water  or  glycerin.  The  presence  of  alcohol  is  shown  by  an 
increase  in  the  water  or  glycerin  layer. 

223.    Oil  of  Linden  Flowers. 

Oil  of  linden  flowers  is  prepared  by  treating  the  water  obtained  by 
distilling  fresh  linden  flowers  with  common  salt  and  shaking  out  with 
ether.  On  evaporating  the  ether  0.038  p.  c.  of  oil  remain.  Oil  of  linden 
flowers  is  colorless,  very  fluid,  quite  volatile  and  possesses  the  odor  of 
the  fresh  flowers  in  a  high  degree.  It  is  soluble  in  all  proportions  in 
ether  and  alcohol  (Winckler1). 

224..    Oil  of  Ambrette  Seeds. 

Oleum  AbehuoBchl  Seminls.— Mowhuskornerill.— Essence  de  Grain es  d' Ambrette. 

Hibiscus  ubelmoschus  L..  (Abelmo&chus  moschntus  Moench),  (Family 
Malvaceae),  yields  the  ainbrette  seeds,  formerly  officinal  in  the  German 
Pharmacopoeia,  and  no  longer  used  in  medicine,  but  which  are  still 
employed  in  perfumery.  The  herb-like  plant  is  indigenous  to  India, 
but  has  lately  been  cultivated  in  Java  and  in  the  West  Indies 
(Martinique). 

The  oil  was  first  prepared  by  Schimtnel  &  Co.a  in  1887.  Upon 
distillation  of  the  comminuted  ambrette  seeds  a  yield  of  0.2  p.  c.  of  oil 
is  obtained.    Furfurol  has  been  isolated  from  the  distillation  water.8 

Oil  of  ambrette  seeds  is  solid  at  ordinary  temperature;  it  begins  to 
solidify  at  about  30—35°  and  has  an  agreeable,  musk-like  odor.  Sp.  gr. 
about  0.900  at  25 — 35°.  The  oil  is  inactive  or  only  slightly  dextro- 
gyrate. This  property  can  be  used  to  advantage,  when  it  is  required 
to  distinguish  the  mixtures  with  cedar  or  copaiba  balsam  oil  found  in 
commerce,  from  genuine  oil. 

The  compound  which  causes  the  solidification  of  the  oil  is  a  fatty 
acid,  most  probably  palmitic  acid.  As  the  result,  the  oil  has  a  high 
saponification  number  lying  between  180  and  204). 

225.    Oil  of  Tea. 

By  extracting  dried  tea  leaves,  Thea  ehineasis  L.  (Family  The&ceae), 
with   ether,    0.6—0.98  p.  c.  of  a  citron-yellow  extract,    solidifying   on 

i)  Phkrmacent.  CsntralbJatt,  1887.  p.  781. 

)}  Berleht  Ton  S.  ft  Co..  Oct.  1887,  p.  85;   Apr    1888,  p.  20;  Oct.  1898.  p.  45. 

>)  Bericht  von  9.  ft  Co..  Oct.  1899.  p.  80. 
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cooling,  and  smelling  and  tasting  strongly  of  tea,  is  obtained.  Mnlder1 
has  wrongly  called  this  extract,  volatile  oil  of  tea,  as  it  consist*  for 
the  greater  part  of  non-volatile  extractive  matter.  Upon  distillation 
of  dried  tea  leaves  Mulder  obtained  only  a  turbid  water,  but  no  oil. 

The  real  oil  of  tea  was  prepared  by  van  Romburgh2  by  the  dis- 
tillation of  fresh  fermented  tea  leaves.  The  yield  was  only  0.006  p.  c. 
The  oil  appears  to  be  formed  during  the  fermentation,  probably  by  the 
decomposition  of  a  glucoside  under  the  influence  of  a  body  similar  to 
the  ferment  laccase.  Oil  of  tea  has  the  sp.  gr.  0.8R6  at  20°;  angle  of 
rotation  i200  mm.)  — 0°11'. 

By  repeated  fractionation  a  liquid  boiling  at  153—154°  (740  mm. 
pressure),  of  a  penetrating  fusel-like  odor,  strongly  reminding  of  tea.  is 
obtained.  Its  principal  constituent  is  an  alcohol  of  the  formula  CsHiaO. 
the  acetic  acid  ester  of  which  boils  at  lfi(>— 16r»°. 

Oxidation  with  potassium  bichromate  converts  the  alcohol  into  an 
oil  of  the  composition  and  the  properties  of  butyric  acid.  By  heating 
the  alcohol  with  hydrochloric  acid  in  a  sealed  tube  to  100°,  a  chloride 
boiling  at  120°  is  formed. 

The  fraction  of  oil  of  tea  which  on  distillation  passes  over  between 
220—22".°  is  methyl  salicylate. 

The  presence  of  methyl  alcohol  (b.  p. 86°.  nitro  methyl  meta-phenylene- 
diamine  compound  and  oxalic  acid  methyl  ester,  m.  p.  7>\°)  in  the  aqueous 
distillate  was  shown.  This  is,  however,  not  a  product  of  fermentation, 
but  is,  as  van  Romburgh  had  previously  shown,  a  constituent  of  the 
fresh,  unfermented  tea  leaves. 

226.    Oil  of  Borneo  Camphor, 

Origin  and  Preparation*  The  Borneo-camphor  tree.  Drj-obalauops 
arooiaticn  Giirtn.,  is  a  large  and  beautiful  tree,  indigenous  to  the  north- 
western coast  of  Sumatra  and  to-  northern  Borneo.  In  the  cavities  and 
cracks  of  the  wood  of  old  trees  is  found  the  valuable  Borneo  camphor, 
also  called  Baros  camphor.  Sumatra  camphor,  or  Malay  camphor.  It  is 
used  by  the  Malays  for  the  embalming  of  the  dead  and  for  ritualistic  pur- 
poses, and  well  paid  for.  Besides  the  camphor,  the  trees  contain  also  a 
volatile  oil,  which  is  obtained,  either  by  tapping  the  tree  or  by  the 
distillation  of  the  wood. 

■>  PojMienilnrff's  Annalen  der  Phystk.  48.  p.  168:  Llebljr'»  Annalen.  28.  p.  814. 
i)  Vrralag  nmlrent  den  Stain  rail  K1  Lands  I 'Ian  ten  tain  ti>  Bulteniorg,  1  S93,  p.  ll'.l, 
and  1896.  p.  106;   Berlrhle  von  S.  *  Co.,  Apr.  18HT.  p.  42,  and  Apr.  1S88.  p.  08. 
>)  Fur  History  we  under  camphor  oil,  p.  870, 
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Properties.  Oil  of  Borneo  camphor  is  a  liquid,  sometimes  colored 
green  by  copper,  or  the  sp.  gr.  0.882—0.909  (Macewan,<  1885). 

Composition.  The  lack  of  an  investigation  along  modern  lines  is 
probably  due  ODly  to  the  fact,  that  this  interesting  oil  can  not  be 
obtained  in  the  market. 

From  older  investigations  of  Martius3  (1838),  Pelouze*  (1840)  and 
CJerhardt*  (1843)  it  can  be  seen  that  borneol6  in  the  characteristic 
constituent  of  the  oil.  More  recent  investigators,  however,  like  Lalle- 
mand0  (I860)  and  Mucewan1  (18N.">)  deny  the  presence  of  this  alcohol 
in  the  oil. 

According  to  1'elouze8  the  liquid  part  of  the  oil  has  the  same 
composition  as  the  supposed  terpene  "bonieen,"  which  is  obtained  by 
the  action  of  phosphoric  acid  anhydride  on  borneol.  As  Wallach  7  litis 
shown  (1885),  there  result  by  this  treatment  several  hydrocarbons; 
"borneen"  is  therefore  a  mixture  of  several  substances.  Although 
nothing  positive  can  be  drawn  from  this  statement  of  Pelouze,  it  in, 
nevertheless,  probable  also  from  other  considerations  that  camphene  is 
contained  in  the  liquid  parts  of  the  oil  of  Borneo  camphor. 

The  oil  investigated  by  Lallemand  had  been  brought  by  Junghuhn 
from  Sumatra,  and  had  been  obtained  by  distilling  various  comminuted 
parts  of  the  tree.  It  turned  the  plane  of  polarization  to  the  right  (u  for 
red  light=+7°)  and  on  distilling  begnu  to  boil  at  180°.  The  fraction 
going  over  at  this  temperature  was  relatively  small  (sp.  gr.  0.86,  arj+13°l 
and  yielded  after  passing  hydrochloric  acid  through  it  and  treating  the 
resulting  product  with  fuming  nitric  acid,  a  solid  hydrochloride  (dipen- 
tene?).  The  principal  part  of  the  oil  went  over  from  260— 270°,  had 
the  sp.  gr.  0.90—0.92  and  yielded  a  compound  C16H2+2HCI  melting  at 
125°,  Overlooking  the  somewhat  high  melting  point  the  body  might 
be  looked  upon  as  cadinene  hydrochloride.  As  already  mentioned  this 
Borneo  camphor  oil  contained  no  borneol. 

227.    Oil  of  Gurjtm  Balaam. 

Origin  and  History.  tinriun  balsam,  called  wood  oil  in  India,  has 
been  known  there  for  a  long  time  and  used  as  an  excellent  varnish. 

i)  Pharm.  Joura.,  Ill,  15,  pp.  785  and  104.1 
>)  Liebig'B  An  Mien,  27,  p.  B8. 

>)  Compt.  rend.,  11.  p.  865:  Lle-blR'n  Annalen.  40.  p.  32«. 
*>  LleblR's  Annalen,  45.  p.  88. 

>)  The  borneol  from  the  Borneo  camphor  tree  In  dextrogyrate.  FlUeklger.  Pharm. 
Jourti..  Ill,  4,  p.  830. 

»i  Lleblg'a  Annalen-.  114,  p.  193. 
*)  LteblK'l  Annalen.  380.  p.  287. 
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The  balsam  is  obtained  in  East  India,  in  a  manner  similar  to 
turpentine,  from  several  species  of  Dipterocurpua  (Family  Dipterocarpa- 
ceae),  especial);  from  D.  turbin&tos  Gaertn.  fll.,  D.  incxnua  Roxb.  and 
D.  ttlntus  Roxb.  The  Dipteroearpus  trees  belong  to  the  most  magnificent 
trees  of  the  Indian  mountain  forests,  and  are  so  productive,  that  fall 
grown  trees  yield  up  to  180  liters  of  balsam  during  a  summer. 

The  collection  is  as  follows:  At  the  end  of  the  dry  season  a 
transverse  slit  2  inches  in  length  and  6  inches  in  width  is  made 
with  an  axe  through  the  bark  into  the  wood,  just  above  the 
ground.  At  the  base  of  this  a  deep  cavity  is  made,  which  is  capable 
of  holding  at  least  1  liter  of  balsam.  This  is  heated  by  means  of  a 
coal  fire  whicli  has  been  started  in  it,  until  the  walls  are  charred.  The 
cavity  is  then  emptied  and  cleaned.  The  balsam  soon  begins  to  flow 
at  such  a  rapid  rate  from  the  slit,  that  the  cavity  serving  as  a  reser- 
voir has  to  be  emptied  several  times  a  day.  When  the  flow  diminishes 
or  is  retarded  by  drying  on  the  walls,  the  crusts  are  scraped  off  or  the 
walls  are  again  heated.  When  exhausted,  the  same  operation  is  repeated 
on  the  opposite  side  of  the  trunk.1 

The  principal  places  of  export  of  the  gurjun  balsam  are  Saigon. 
Singapore,  Moulmein  in  Tenasserim  and  Akyab. 

Gurjun  balsam,  according  to  its  source  and  manner  of  collection, 
differs  in  consistency,  color,  and  behavior  to  solvents.  The  better 
varieties  are  of  a  greenish  gray  color;  with  reflected  light  somewhat 
turbid  and  slightly  fluorescent,  with  transmitted  light  it  appears  entirely 
clear  and  reddish  brown.  Odor  and  taste  remind  of  copaiba  balsam. 
Its  sp.gr.  is  0.96— 0.97.  By  steam  distillation  up  to  70  p.  c.  of  oil  are 
obtained. 

In  Europe  attention  was  called  to  gurjun  balsam  in  1811  by 
Franklin8  and  in  1813  by  Ainstie,8  but  its  source  and  manner  of 
collection  was  first  described  accurately  by  Roxburgh  about  1827.* 
The  similarity  of  the  action  of  gurjun  balsam  to  that  of  copaiba  balsam 
was  made  known  in  India  about  the  year  1812  by  the  physician 
OShaughnessy.B  The  balsam  also  gained  in  India  a  considerable 
reputation  as  a  cure  against  leprosy  and  was  used  later  in  England  in 
dermatology.*' 

■  )  Pbarni.  Journ.,  Ill,  ».  p.  739;  III,  IS.  p.  161;  D.  H  anbury.  Science  Paper*,  p.  116. 

»1  Tracts  on  the.  dominions  ot  Ava.     London.  1811,  p.  2«. 

>)  Materia  medlea  of  Hindoostan.     Madras,  1818.  p.  18S. 

H  Plants  of  the  coast  of  Coro.nandel,  1828.  vol.  8,  p.  10. 

«)  Bengal  Dispensatory.  Calcutta,  1842.  p.  22. 

■1  Pharmoc.  Journ..  III.  5,  p.  728. 
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Properties.  Gurjun  balsam  oil  is  a  yellow,  somewhat  viscous 
liquid,  of  the  sp.  gr.  0.915 — 0.930.  It  has  at  times  a  very  high 
rotatory  power,  namely  «d=— 85°  to  —130°.  Most  of  the  balsams 
give  laevogyrate  oils,  but  strongly  dextrogyrate  oils  have  also  been 
observed.1  The  oil  is  not  completely  sol  able  in  90  p.  c.  alcohol,  and 
even  in  95  p.  c.  alcohol  the  solubility  is  limited.  It  contains  no  saponi- 
flable  constituents,  but  probably  small  amounts  of  alcoholic  bodies,  for 
after  acetyl izati on  the  saponification  number  9.6  was  obtained. 

Gurjun  balsam  oil  hoils  for  the  greater  part  at  255 — 256°  and 
appears  to  consist  almost  wholly  of  sesquiterpene,*  CioHa*.  With 
hydrochloric  acid  this  does  not  give  a  solid  hydrochloride,  but  only  a 
fine  dark  blue  coloration.  Whether  this  hydrocarbon  is  identical  with 
one  of  the  known  sesquiterpenes  has  not  yet  been  determined. 

Oil  of  gurjun  balsam  is  on  account  of  its  weak  odor  a  very  dangerous 
adulterant  for  other  volatile  oils.  On  account  of  its  high  boiling  point, 
its  strong  rotatory  power,  and  its  difficult  solubility  in  alcohol,  its 
detection,  however,  usually  offers  no  great  difficulties. 

228.    Oil  of  Ladanum. 

Orioin  and  History.  The  ladanum8  resin,  used  since  antiquity  as 
incense  and  embalming  agent,  is  an  exudation  of  the  bush-like  plants 
Cistus  cretinve  L.,  C.  indnniferua  L.  and  others  (Family  C'istaceue) 
indigenous  to  Asia  Minor,  Crete,  Cyprus  and  a  few  other  islands  off  the 
coast  of  Asia  Minor.  Up  to  the  beginning  of  this  century  it  was  an 
officinal  drug,  valued  for  its  pleasant  odor,  and  is  often  mentioned  along 
with  the  ancient  aroinatics  storax,  myrrh  and  frankincense  in  literature 
and  has  often,  especially  in  the  translations  of  the  Bible,  been  confounded 
with  galbanum.    Lately  it  has  gone  almost  altogether  out  of  use. 

Ladanum  oil,  distilled  at  first  with  wine  or  spirits  of  wine  {aqua 
vitae)  was  already  known  to  Ryff,  Gesner,  Rubeus,  and  to  Porta.  It 
was  taken  up  in  medical  books,  first  in  the  Dispensatorium  Noricum  of 
the  year  1589  and  in  the  Pharmacopeia  Augustana  of  the  year  1613. 

Properties.  The  oil  distilled  from  the  leaves  of  Cistus  ladaniferus 
L.  has  an  unpleasant,  narcotic  odor.  It  has  the  sp.  gr.  0.925  and 
boils  from  lt>5 — 280°  with  decomposition  and  splitting  off  of  acetic  acid.* 

')  Pharniaconraphla  Indies,  vol.  1,  p.  108. 

i)  l-harmncojtnoale.    2nd  ed..  p.   102.     f'orap.   also  Werner.   Zeltsehr.   I.  Chem.  nil 
Pbarm.,  5,  p.  588:  Jahrwb.  I.  Chem..  1802,  p.  4«1. 
*)  A]  ho  uprlletl  labd&num. 
')  Berfcht  von  S.  &  Co.,  Oct.  1S8B.  p.  .'ill. 
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Upon  distillation  of  ladannm  resin  Sehimmel  &  Co.1  obtained  a 
golden  yellow  oil,  ol  a  fine  strong  amber  odor.  After  standing  for 
about  half  a  year,  magnificent  crystals  separated  out,  which  made 
up  about  the  fourth  part  of  the  oil.8 

229.    Oil  of  Canella. 

Origin  and  History.  The  evergreen  bush  Canella  alba  Murray 
(Family  Cunellnuene).  indigenous  to  the  West  Indies,  has  a  pleasant 
aromatic  bark,  which,  when  it  was  brought  with  other  drugs  from  the 
new  world  to  Europe,  was  considered  as  a  variety  of  cinnamon  bark, 
and  later  was  confounded  with  other  medicinal  barks,  especially  with 
Winter's  bark,  from  Brimyts  win  ten  Forst. 

The  volatile  oil  of  canella  bark  was  probably  first  distilled  in  1707 
by  Sloane  in  England,  and  later,  in  182(1,  by  Henry,  but  appears  to 
have, found  no  application.  It  was  investigated  in  1843  by  Meyer  and 
von  Reit'he  and  later  by  Bruun  and  Williams. 

Properties.  Upon  distillation  of  canella  bark,  0.7."  to  1.25  p.  c. 
of  volatile  oil  are  obtained,  the  odor  of  which  is  similar  to  that  of  a 
mixture  of  clove  and  cajeput  oil.  Sp.  gr.  0.920  to  0.985.  Optically  it 
is  slightly  dextrogyrate  «D  =  +  l°rV. 

.  Constituents.     By   shaking  out   with   alkali,   a   phenol,   eugenol" 
(benzoyl  eugenol,  Bruun4)  could  be  separated. 

By  the  distillation  of  the  remaining  portion  the  lowest  fraction  went 
over  from  105—170.°  fSp.  gr.  0.88H;  aD=— S.8He).  The  presence  of 
1-pinene  (Williams")  was  demonstrated  by  preparing  the  pinene  nitroso- 
ehloride  and  the  pinene  nitrol  benzyl  amine  base,  melting  at  122—128°. 
The  next  highest  fraction  consists  of  cineol"  (cineolic  acid,  m.  p.  197°). a 
The  highest  boiling  parts  of  the  oil  contain  caryophyllene.8  the  presence 
of  which  was  shown  by  preparing  the  crystalline  caryophyllene  hydrate, 
melting  at  92—95°. 

230.    Oil  of  Damiana  Leaves. 

Several  species  of  Tumerii  (Family  Turneraceae),  especially  Turnern 
aphrodismeit  Ward  and  Turners  diffusa  Ward  have  been  named  as  the 
botanical  sources  of  damiana  leaves,  used  medicinally  since  1H"5  in 
America.  The  leaves  of  other  plants,  however,  are  also  sent  into  the 
market  as  damiana  leaves,  for  instance  those  of  Bigelovw  veneta  Gray 

i|  Bericht von  S.A  Co..  Apr.  1808,  p. 68.        *t  Proc.  Wine.  Pharm.  A  woe.  1S98.  p.  B6. 

')  Ibidem.  Oct.  1KDS.  p.  24.  »)  Pharm.   Uuuilnchau.  is,  p.  1S8. 

"I  Llebin'»  Annalen.  *".  |i.  224.  s)  Rerlcnt  i-on  S.  &  Co..  Oct.  1HW>,  p.  SB. 
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{Aplopappns  ifisroideua  D.  0.1.  The  difference*  in  the  material  employed 
no  doubt,  explain  also  the  differences  noticed  in  the  oils  obtained  by 
distillation  at  different  times. 

Pantzer1  obtained  in  1887  0.5  p.  c.  of  a  yellow  oil  of  an  aromatic 
odor  and  a  warm,  camphor-like,  bitter  taste.  Schimmel  &  Co.*  obtained 
0.9  p.  e.  of  a  green  viscous  oil,  of  a  chamomile-like  odor.  It  had  the 
sp.  gr.  0.970  mid  boiled  between  250  and  310°.  The  highest  boiling 
fractions  were  blue.  From  another  consignment  ot  leaves  the  same  firm 
obtained8  in  189(5  1  p.  e.  of  oil  of  the  following  properties:  sp.  gr. 
0.943;  «D  =  —  2H°2V;  saponification  number  41.8.  On  standing  in 
the  cold,  the  separation  of  crystals  on  the  upper  surface  could  be 
noticed,  similar  to  those  which  are  observed  at  the  beginning  of  the 
solidification  of  rose  oil.  According  to  this  it  is  probable,  that  paraffins 
are  also  present  in  oil  of  damiana  leaves. 

231.  Oil  of  Henna. 

The  blossoms  of  the  henna  shrub,  Lavrsonm  inermis  L.  (Family 
Lythraceae)  used  in  the  Orient  for  dyeing,  contain  according  to  Holmes4 
a  volatile  oil,  which  is  said  to  have  an  odor  closely  resembling  that 
of  tea  rose. 

232.  Oil  of  Myrtle. 

Oleum  Mjrtl.— Mjrt«B.oI.  -Essence  de  Mjrte. 

Orihin.  The  myrtle.  Myrtua  communis  L.  i  Family  Myrtaewie),  very 
widely  distributed  in  the  mountainous  districts  of  Spain,  Italy  and 
southern  France,  is  distinguished  for  its  fragrant  blossoms  and  leaves. 
Only  the  leaves  are  used  for  the  preparation  of  the  volatile  oil5  giving 
a  yield  of  0.3  p.  c,  The  myrtle  oil  of  commerce  is  usually  of  French  or 
Spanish  origin.    The  Corsi"an  oil  is  especially  valued. 

Properties.  Oil  of  myrtle  is  a  yellow  to  greenish  liquid,  of  a 
pleasant  and  refreshing  aroma.   Sp.  gr.  0.890—0.915;  «u=+10  to  +30°. 

Composition.  The  fraction  boiling  between  158— 160°  consists  of  a 
dextrogyrate  terpens  CioHia  ([«]  =  +36.8°).  the  chemical  behavior  of 
which  pointed  to  pinene.8  That  the  substance  under  consideration  was 
really  d-pinene,  was  shown  by  Jahns  in  1889  by  the  preparation  of 
pinene  nitrosochloride.11 

i)  Am.  Jniirn.  Pharm.,  HO.  p.  60.  volatile  oil.     Raybauri.   Journ.  de  Pharm, 

*)  Brrii-b  t  yin  S.  ft  Co..  Apr.  1KHS,  p.  44.  II,  30,  p.  468. 

"I  BerlchtvonS.iCo.,  Apr.  18DT.  p.18.  •)  The  "Myrtene"  o(  Gladstone  (IH«4>. 

•I  Pharrn.  Journ.,  Ill,  10.  p.  685.  Joura.  Chew.  Hoc..  IT.  p.  1;  25,  p.  1. 
"I  The    froth    fruit*     tlkewlne    contain  r)  Archlv  d.  Pharm  ,  22T.  p.  1T4. 
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The  oil  boiling  about  176°  contains  cineol,  CtoHisO.  By  couducting 
into  it  hydrochloric  or  hydrobromic  acid,  the  characteristic  addition 
products  are  formed,  by  the  decomposition  of  which  by  water  the  cineol 
can  be  readily  obtained  in  a  pnre  form. 

The  fraction  collected  at  180°  consists  of  dipentene.1  This  terpene 
was  identified  by  the  preparation  of  dipentene  nitrosochloride  and 
tetrabromide  of  the  melting  point  125°. 

The  fraction  boiling  from  195— 200°  acts  on  sodium  with  liberation 
of  hydrogen.  Jahns  suspects  it  to  be  a  camphor  CioHi«0.  According 
to  the  boiling  point  linalool  might  be  contained  in  this  fraction.  In  a 
later  investigation  of  oil  of  myrtle  by  Bartolotti,3  to  whom  the  investi- 
gations of  Jahns  and  Schimmel  &  Co.  were  evidently  unknown,  not  a 
single  constituent  was  identified. 

Oil  of  myrtle  was  formerly  much  used  for  the  preparation  of  myrtol. 
as  the  fraction  boiling  from  160—180°  was  called.  The  reputed  anti- 
zymotic  and  deodorizing  properties8  of  "myrtol"  can  no  doubt  be 
traced  to  its  content  of  cineol. 

233.    Oil  of  Cheken  Leaves. 

The  cheken  leaves,  often  recommended  for  medicinal  use,  the  leaves 
of  Myrttts  cheken  Spr.  indigenous  to  Chili,  contain  about  1  p.  c.  of  an 
oil  very  similar  to  ordinary  myrtle  oil  (Weiss,*  1888). 

It  is  quite  mobile,  of  a  yellowish  green  color  and  has  a  pleasant  odor. 
reminding  of  eucalyptus  and  sage.    8p.gr.  0.879-1  at  15°;  u]  =  +  28.oc. 

The  principal  part  of  the  oil,  about  75  p.  c,  boils  from  155— 137" 
(sp.  gr.  0.8G35;  «j=  1-31.28°),  has  the  composition  CioHm  and  yields 
with  hydrochloric  acid  a  monohydrochloride  melting  at  120°.  On 
beating  this  fraction  to  260—270°  dipentene  resulted  (tetrabromide, 
m.  p.  125—126°).  From  this  it  follows  that  the  hydrocarbon  boiling 
from  155—157°  is  d-pinene. 

The  fraction  boiling  about  176°  (15  p.  c.)  consists  of  cineol,  as  was 
shown  by  the  formation  of  the  cineol  bt bromide  CioHisOBra,  which 
separates  in  red  crystals  from  the  petroleum  ether  solution  on  the 
addition  of  bromine. 

About  10  p.  c.  of  the  oil  pass  over,  on  distillation,  from  220— 2fi0°. 
The  composition  of  this  fraction  has  not  yet  been  determined. 

i)  Berlcht  von  8.  &  Co.,  Apr.  18BB,  p.  2S.  , 

>)  Gui.  elilin.  Ital..  21,  p.  276:  Berlcht*,  24,  Refer  ate,  p.  372. 
»)   I'harmaceutlBctie  Zeituriff.  85.  p.  224. 

»)  Arehlv  el.  I'harin.,  a26.  p.  H6B. 
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234.    Oil  of  Pimenta. 

01«um  Amoral  sen  PlinenUe.—  PlmentSl.  —  Essence  de  Plment. 

Origin  and  Preparation.  The  evergreen  shrub  Pimenta  officinalis 
Lindl.  (Family  Myrtiueue).  indigenous  to  the  West  Indies,  grows  on 
calcareous  soil  near  the  coast,  in  Cuba,  Hayti.  San  Domingo,  Trinidad, 
Antigua,  and  especially  in  Jamaica,  further  in  Central  America,  Mexico, 
Costa  Rica  and  Venezuela. 

For  obtaining  pimenta  valued  as  an  aromatic  or  allspice.1  the 
unripe  berrieB  are  gathered  and  dried  in  the  sun.  The  ripe  fruit  contains 
a  sweet  jelly,  but  is  almost  odorless  and  has  therefore  no  commercial 
value. 

Pimenta  yields  on  distillation,  which  is  at  first  accompanied  by  a 
strong  evolution  of  ammonia,  3 — 4.5  p.  c.  of  volatile  oil. 

Properties.  Oil  of  pimenta  is  of  a  yellow  to  brownish  color  and 
has  a  pleasant  aromatic  odor,  similar  to  clove  oil,  although  sharply 
differentiated  from  it,  and  a  piercing,  sharp  taste.  Sp.  gr.  1.024*  to 
1.050.  Slightly  laevogyrate.  It  is  soluble  in  all  proportions  in  90  p.  c. 
alcohol,  and  soluble  to  a  clear  solution  in  2  parts  of  70  p.  c.  alcohol. 

Composition.  The  experiments  of  Bonaatres,"  (1825)  who  prepared 
the  alkali  salts  of  the  acid  constituents  of  pimenta  oil,  already  indicated 
that  the  similarity  of  this  oil  to  clove  oil  was  due  to  the  eugenol  which 
was  common  to  both.  The  proof  of  the  identity  of  these  two  phenols 
was  furnished  by  Oeser*  in  1864,  who  separated  the  eugenol  from  the 
oil  by  means  of  an  alkali  solution,  and  analysed  it. 

That  part  of  the  oil  which  did  not  combine  with  the  alkali,  boiled 
at  255°  and  was  slightly  laevogyrate.  The  analysis  gave  results 
agreeing  with  C-.Hs.    This  is  therefore  a  sesquiterpene. 

The  odor  of  oil  of  pimenta  indicates  that  eugenol  and  sesquiterpene 
are  not  the  only  constituents.  An  investigation  of  the  oil  according  to 
modem  methods  might  be  a  profitable  and  a  not  too  difficult  problem. 

Oil  of  pimenta  leaves.  An  oil  distilled  in  Trinidad  from  the 
leaves  of  an  undetermined  species  of  Pimenta,  is  a  yellow  liquid,  smelling 
strongly  of  lemon,  of  the  sp.  gr.  0.882  at  25°;  aD  =  —  0°37'.  The 
leraon-like  odor  is  due  to  eitral,  the  presence  of  which  was  demonstrated 
by  forming  the  citryl  ,3-naphtho  cinchoninic  acid." 


i)  Odorographla,  vol,  2.  p.  SI. 
i)  Bcrlcht  von  3.  &  Co.,  Apr.  1809,  p.  Si). 

>)  Journ.    de    ['harm.,    18.    p.  406.     Conip.   al«o   Ibid.,    11,  p.  1ST:   Trommsdorfl'H 
euee  Jonrn.  il.  Pharm.,  11,  I,  p.  12?. 
*>  Ueblff'R  Annalen.  181,  p.  277. 
*>  Bericht  von  S.  &  Co.,  Oct.  1S96.  p.  77. 
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235.    Oil  of  Bay. 
Oleum  Mjrclie.  —  Baydl.  —  Essence  de  Mjrcia. 

Origin  and  Preparation.  As  the  numerous  aperies  of  the  genera. 
Hytrin  and  Pimento,  are  very  variable  and  very  similar  to  each  other, 
it  is  highly  probable  that  these  small  botanical  differences  are  not 
observed  in  collecting, 'and  therefore  the  bay  leaves  of  commerce  are  not 
always  derived  from  one  and  the  same  plant,1  but  are  rather  mixtures 
of  the  leaves  of  several  species.  According  to  Holmes3  the  botanical 
source  of  the  genuine  bay  leaves  is  Pinientn  ncria  Wight  {Eugenia  iicris 
Wight  et  Arnott)  and  not  Myrcia  ncris  D.  C.  as  is  given  in  the  U.  S.  P. 

The  bay  tree  is  indigenous  to  the  West  Indies  and  flourishes 
especially  on  Jamaica,  St.  Thomas,  Antigua,  Guadeloupe,  Dominica 
and  Barbadoes.  The  oil  is  obtained  only  in  part  from  the  fresh  material 
on  the  islands  themselves;  the  larger  part  is  probably  prepared  in 
New  York  from  the  dried  leaves. 

On  distilling,  part  of  the  oil  separates  in  the  receiver  on  top  of  the 
water  and  another  part  sinks  to  the  bottom.  They  must  be  mixed 
it  a  normal  oil  is  to  be  bbtained.  This  appears  not  always  to  be  done, 
as  bay  oils  of  a  specific  gravity  greater  than  water  often  appear  in  the 
market.    The  yield  from  dried  leaves  is  2—2.5  p.  c. 

Properties.  Bay  oil  is  a  yellow  liquid,  soon  becoming  brown  on 
exposure  to  the  air,  of  a  pleasant  odor  reminding  of  clove  and  a  sharp 
spicy  taste.  The  sp.  gr.  of  the  normal  oil  varies  from  0.965  to  0.985 
and  is  as  a  rule  above  0.970;  optically  it  is  slightly  laevogyrate,  «d  = 
up  to  —2°.  The  freshly  distilled  oil  is  soluble  to  a  clear  solution  in  an 
equal  volume  of  90  p.  c.  alcohol ;  on  standing,  however,  it  soon  loses 
its  solubility  and  then  gives  only  turbid  mixtures,  a  "behavior  which  is 
due  to  the  polymerization  of  an  oleflnic  terpene,  myrcene,  contained  in 
the  oil.  The  content  in  phenols  (engenol  and  chavicol)  amounts  to 
59—65  p.  c.  according  to  volumetric  determinations  with  dilute  potaasa 
solution. 

Composition.  The  identity  of  the  main  constituent  of  greater 
specific  gravity  of  the  oil  with  eugeno!  appears  to  have  been  first 
recognized  by  Markoe8  in  1877.  The  first  complete  investigation  of  the 
oil  was  made  by  Mittmann*  in  1889.  He  found  besides  eugenol  a 
small  amount  of  methyl  eugenol,  which  statement  was  later  corroborated. 
By  fractional   distillation   lie  obtained  a  small  fraction,   boiling  from 


byGoogle 


Oils  of  the  Myrtitce/te.  511 

160—185°.  which  according  to  him.  consisted  ol  two  terpenes,  of  which 
he  believed  the  lower  boiling  to  be  pinene,  and  suspected  dipentene 
in  the  higher  boiling  portion.  According  to  a  more  recent  investigation 
by  Power  and  Kleber'  neither  of  these  terpenes,  but  a  whole  series  of 
other  bodies,  overlooked  by  Mittmann,  are  contained  in  oil  of  bay. 

Upon  distillation  under  20  mm.  pressure  of  the  oil  separated  from 
the  phenol  80  p.  c.  went  over  between  67  and  (iS°,  the  remainder 
at  160°.  The  first  fraction  had  the  sp.  gr.  0.8023  and  was  a  colorless 
liquid  of  a  characteristic  odor,  but  quite  different  from  that  of 
the  known  terpenes.  Analysis  and  molecular  weight  determination 
corresponded  with  the  formula  CioHia.  From  the  index  of  refraction, 
nD  =  1.4rU7!t,  the  molecular  refraction  47.1  was  calculated,  according 
to  which  the  compound  contains  three  double  bonds.  As  with 
such  an  arrangement  of  the  atoms  a  ring  configuration  is  excluded,  the 
atoms  must  form  an  open  chain,  which  is  also  in  harmony  with  the 
low  sp.  gr.  A  so-called  oteflnic  terpene,  which  was  called  myrcene  was, 
therefore,  under  consideration. 

Myrcene  is  verj-  susceptible  to  change  and  polymerizes  even  after 
standing  for  only  one  week  to  a  thick  oil.  By  treating  myrcene  with 
glacial  acetic  acid  and  sulphuric  acid  (Bertram's  hydration  method) 
there  resulted  (besides  dipentene)  an  oil  of  a  lavender-like  odor,  which 
yielded  linalool  after  saponification.  This  alcohol  was  identified  by  its 
conversion  into  citral.  Myrcene  bears  therefore  the  same  relation  to 
linalool,  as  does  camphene  to  isoborneol,  and  pinene  or  dipentene  to 
terpineol.  Besides  myrcene,  bay  oil  contains  l-phellandrene.  Other 
terpenes  have  not  been  found  by  Power  and  Kleber. 

The  fractions  of  bay  oil  freed  from  phenols  and  terpenes,  gave  a 
solid  compound  with-  sodium  bisulphite,  the  decomposition  of  which 
yielded  citral  (citryl  .--naphtho  cinchoninic  acid). 

After  separating  the  citral  an  oil,  smelling  like  anise,  remained, 
which  consisted  in  part  of  methyl  chavicol.  By  oxidation  it  was  con- 
verted into  anisic  acid,  by  treatment  with  alcoholic  potassa  into  anethol. 

The  highest  boiling  fractions  of  the  oil  contained  methyl  eugenol. 

By  treating  the  phenols  separated  from  the  oil  by  means  of  Alkali 
with  methyl  iodide.  Power  &  Kleber  obtained  a  mixture  of  methyl 
engenol  and  methyl  chavicol,  from  which  it  follows,  that  besides  eugenol, 
chavicol  is  also  present  in  oil  of  bay. 

ij   Pherra.  Kiimlm-hau.  IS.  p.  60. 
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The  constituents  of  i>il  of  bay  arrauged  according  to  the  amount* 
present  are  as  follows: 

1.  Eugenol,  CioHiaOa, 

2.  Myrcene,  (ioHh, 

3.  Chavicol,  CoHirtO, 

4.  Methyl  eugenol,  CuHwOa. 
"».  Methyl  chavicol,  CioHiaO, 

6.  Pliellandrene,  (,'ioHm, 

7.  Citral,  Ci0Hi„0. 

Examination.  As  oil  of  bay  contains  no  pinene,  any  turpentine  oil 
which  may  have  been  added,  can  be  detected  without  difficulty. 

From  10.  cc.  of  bay  oil  1  cc.  is  slowly  distilled  off  from  a  fractionating 
flank,  and  the  distillate  mixed  with  1  cc.  of  amyl  nitrite  and  2  cc.  of  glacial 
acetic  acid.  To  this  is  added  drop  by  drop  with  agitation,  while  the  whole  is 
kept  well  cooled  in  a  freezing  mixture,  a  mixture  of  equal  parts  of  glacial  acetic 
acid  and  hydrochloric  acid  as  long  as  a  bine  coloration  results.  If  piuene  is 
present  a  white  precipitate  of  piuene  nitrosocbloride  in  formed.  In  this  manner 
10  p.  c.  of  turpentine  oil  in  bay  oil  can  be  detected. 

236.    Oil  of  Cloves. 
Oleum  Caryophyttormu.  —  NetbeaBl.  —  Essence  de  Olrufle. 

History.  Oil  of  cloves  appears  to  have  been  distilled  for  the  first 
time  in  the  fifteenth  century,  but  probably,  like  other  aromatics.  with 
wine  or  the  addition  of  spirits  of  wine.  This  method  of  distillation  was 
described  by  Ryff,  Gesner.  Lonicer  and  others.  Gesner  also  mentions 
the  distillation  of  the  oil,  per  descensuin.  The  pure  oil  was.  however, 
shortly  afterwards  distilled  by  ('ordus,  by  Wintber  of  Andernach  anil 
by  Porta.  In  the  Dispensatorinm  Noricum,  oil  of  cloves  was  not 
admitted  until  the  edition  of  1589.  [n  drug  ordinances  it  was  first 
mentioned  in  that  of  the  city  of  Berlin  of  1574. 

The  yield  of  volatile  oil  from  cloves  was  determined  by  Boerhaave. 
Hoffmann,  Neumann  and  Trommsdorff.  Boerhaave  remarked  that  the 
quite  different  yield  obtained  on  distillation  was  sometimes  due  to  tl)e 
adulteration  with  cloves  which  had  been  exhausted  of  their  oil  by 
distillation  and  then  dried  again. 

Bonastre1  in  1827  recognized  the  acid  nature  of  clove  oil  and 
investigated  the  salt-like  compounds  of  eugenol  that  were  formed  with 
alkalies.  Ettling  and  Liebig?  in  1834  first  showed  that  besides  Xelkeu- 
s&ure,  eugenic  acid,  there  is  alsojpresent  in  the  oil  an  indifferent  body. 

I.  pp.  464.  SIS:  I'ororeiulorir*  Annalen.  10,  pp.  ttOU,  611. 
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Of  the  older  investigations,  which  were  restricted  mostly  to  eugenol, 
those  of  Dumas*  (1888),  Bockmann*  (1888),  Steuhouse*  (1843),  Calvi* 
(1856),  Briining*  (1857),  Williams"  (1858),  Hlasiwetz  and  Grabowskii 
(1866)  and  Erlenmeyer8  (1866)  may  be  mentioned. 

Origin  and  Preparation,  The  ever-green  clove  tree,  Eugenia  c&ryo- 
ph ylinta  Thunb.  (Caryophyllaa  aromatiem  L.)  (Family  Myrtaceae),  was 
originally  indigenous  to  the  Philippines  and  is  now  cultivated  on 
Amboina,  Reunion,  Mauritius,  Madagascar  and  Malacca  (Penang). 
The  plantations  on  the  largest  scale  are,  however,  found  on  the  east 
African  islands  Zanzibar  and  Pemba,  which  taken  together  produce 
about  %  of  the  total  clove  production  of  the  world. 

Cloves  are  the  undeveloped  blossoms,  dried  in  the  air,  of  the  clove 
tree,  which  is  aromatic  in  all  its  parte.  Its  inflorescence  is  a  perfect 
cyme  containing  as  many  as  85  individual  blossoms.  Each  blossom 
has  a  pulpy  receptacle  nearly  1  cm.  in  length,  which  at  first  is  of  a 
light  color,  later  green,  and  just  before  blossoming  becomes  dark  red. 
When  this  color  appears,  the  blossoms  are  gathered,  because  they  are 
then  richest  in  oil,  and  dried  in  the  air.  The  flower  buds  of  the  culti- 
vated trees  contain  more  oil  than  those  of  the  trees  growing  wild. 

The  berry-like  fruit  collected  just  before  ripening,  formerly  came  into 
commerce  under  the  name  of  Anthophylh,  mother-cloves. 

Only  the  Zanzibar  cloves  (under  which  designation  are  included  tfie 
cloves  coming  from  Pemba)  are  used  for  distillation.  The  cloves  from 
Amboina  and  Reunion  are  indeed  richer  in  oil,  but  on  account  of  their 
better  appearance  command  a  much  higher  price  than  the  difference  in 
the  oil  content  justifies.  The  most  expensive  is  the  Madagascar  clove, 
from  St.  Marie  on  the  southern  point  of  the  island.  It  yields  18  p.  c. 
of  oil,  which  is  considered  as  finer  by  the  Parisian  perfumers,  but  from 
other  considerations  no  especial  advantages  can  be  assigned  to  it.1 

The  cloves  are  distilled  either  whole  or  in  a  comminuted  condition ; 
according  to  the  method  of  distillation  (water  or  dry  steam)  there  is 
obtained  an  oil  of  higher  specific  gravity  and  richer  in  eugenol,  or  a 
lighter  oil,  in  which  the  non-phenol  constituents  are  relatively  larger. 
The  oil  collecting  in  the  receivers  partly  sinks  in  the  water  and  partly 
floate  upon  it.  By  mixing  both  parts  normal  oil  of  cloves  is  obtained. 
The  yield  from  Zanzibar  cloves  amounts  to  15—18  p.  c. 

i)  Ana.  ile  Chlm.  ct  de  Phys.,  II,  68,  p.  =i  Ibidem.  101,  p.  202. 

105;  L.lebtg'1  Anrmlnn,  9,  p.  OS.  •)  Ibidem,  107,  p.  388. 

*}  LleblR's  Ami*lM>.  27,  p.  1BCS.  i)  Ibidem.  18B,  p.  96. 

")  Ibidem.  05,  p.  108.  »j  ZetUchr.  I.  Chemle,  9,  p.  US. 
*)  Ibidem,  99,  p.  242. 
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Properties.  Oil  of  cloves  is,  when  freshly  distilled,  an  almost 
colorless  to  yellowish,  strongly  refracting  liquid,  which  becomes  darker 
with  age.  The  odor  is  strongly  aromatic,  the  taste  persistently  bnrning. 
The  specific  gravity  varies  according  to  the  method  of  distillation  from 
1.045  to  1.070.  The  optical  rotation  is  slightly  to  the  left,  ao  =  up  to 
— 1°10'.  The  oil  dissolves  to  a  clear  solution  in  2  parts  of  70  p.  c. 
alcohol. 

The  chemical  reactions  are  partly  those  of  eugenol,  several  color 
reactions  are.  however,  produced  by  the  tracee  of  furfurol  present. 
Upon  distillation  oil  of  cloves  goes  over  between  250  and  260°. 

Composition.  Of  the  constituents  of  oil  of  cloves,  eugenol,  which  is 
present  to  the  extent  of  70—85  p.  c,  was  the  first  to  attract  the 
attention  of  chemists  (corap.  History,  p.  512). 

Eugenol,  a  phenol  of  the  formula  CioHiaOa,  boils  under  ordinary 
pressure  with  slight  decomposition  at  253— 254°  *  (thermometer  com- 
pletely in  the  vapor).  It  is  the  most  characteristic  and  valuable 
constituent  of  clove  oil;  its  quantitative  determination  is  described  on 
page  516,  its  properties  and  compounds  on  page  180. 

Pure  eugenol  is  obtained  by  treating  oil  of  cloves  with  weak 
(2—5  p.  c.)  soda  solution  and  after  shaking  out  the  alkaline  solution 
several  times  with  ether,  decomposing  it  with  dilute  sulphuric  acid. 

Besides  free  eugenol,  there  is  contained,  according  to  Erdmann,9 
in  oil  of  cloves  also  2—3  p.  c.  of  acet-eugenol,  which  is  found  in  the  oil 
not  attacked  by  the  alkaline  solution.  In  this  the  acet-eugenol  can  be 
detected  and  removed  by  saponification  with  alcoholic  potassa  or  by 
heating  with  a  concentrated  aqueous  solution  of  potassa. 

The  oil  remaining  after  removing  the  acet-eugenol  consists  principally, 
as  was  already  recognized  by  Church8  in  1875,  of  a  sesquiterpene, 
which  was  more  closely  investigated  by  Wallach*  in  1892  and  called 
caryophyllene. 

Caryophyllene,  CibHs4,  is  a  colorless  liquid  boiling  from  258 — 260°. 
of  a  weak  odor  which  does  not  resemble  cloves  and  the  sp.  gr.  0.9085. 
By  taking  up  a  molecule  oi  water  it  is  converted  into  the  nicely 
crystalline  alcohol,  caryophyllene  hydrate,  CibHsaO,  melting  at  96°. 
For  further  information  see  page  125. 

Scheuch6  in  1863  pointed  out  the  presence  of  small  amounts  of 
salicylic  acid.    The  correctness  of  this  statement  was,  however,  rendered 


>)  Bertcht  von  S.  ft  Co.,  Apr.  18B2,  I 
■I  Jo  urn.  t.  prakt.  Chen.,  II.  S6,  p.  : 
*>  Jo m-n.  Chi'in.  Soc.  38,  p.  118. 
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doubtful  by  Wassermann1  in  1875.  Erdmann3  definitely  showed  the 
presence  of  salicylic  acid  in  oil  of  cloves  and  found  that  it  did  not  exist 
free  but  probably  ss  acet-salieylic  acid  ester  of  eugenol.  Of  other  minor 
constituents  of  oil  of  cloves,  methyl  alcohol  must  be  mentioned,  which 
is  best  obtained  by  collecting  the  first  portions  in  working  up  the 
cohobation  waters  and  fractionating  this  repeatedly.  Finally  a  liquid 
boiling  at  85.5 — 66°  is  obtained  which  can  be  identified  as  methyl 
alcohol8  by  means  of  its  oxalic  acid  ester,  melting  at  5-4°. 

By  continuing  the  distillation  a  liquid  boiling  at  102°  is  obtained, 
which  consists  of  furfurol *  and  was  identified  by  its  intense  color  reaction 
with  aniline  and  p-toluidine,  by  converting  it  into  its  phenyl  hydrazone 
melting  at  96°,  as  well  as  by  splitting  it  into  pyromucie  acid  and 
furfurol  alcohol.  Furfurol  is  probably  partly  the  cause  of  the  darkening 
of  oil  of  cloves. 

In  the  fraction  boiling  at  150 — 155°,  which  cannot  be  completely 
separated  from  furfurol  by  distillation,  is  contained  methyl  amyl  ketone,* 
CHs .  CO .  C5H1 1.  If  from  the  fraction  mentioned,  the  furfurol  be  removed 
by  shaking  with  permanganate  solution,  the  pure  ketone,  boiling  at 
151—152°  remains.  The  elementary  analysis  corresponded  to  CtHi*0. 
By  heating  with  chromic  acid  mixture  it  was  gradually  oxidized  to 
valerianic  acid  (together  with  some  capronic  acid)  and  acetic  acid. 
Although  the  methyl  amyl  ketone  in  present  in  oil  of  cloves  only  in  a 
fraction  of  one  percent  it,  nevertheless,  has  a  considerable  effect  on  the 
odor  of  the  oil,  as  it  gives  rise  to  the  peculiar  fruity  odor  which 
accompanies  the  heavy  eugenol  odor. 

A  further  substance,  which  has  been  found  in  the  oil,  vanillin,6  muy 
have  been  formed  by  the  oxidizing  influence  of  the  air  on  the  eugenol. 
It  is  worthy  of  notice  that  vanillin  is  already  present  in  the  cloves. 

Examination.  As  nearly  all  adulterants  which  can  be  considered, 
are  specifically  lighter  than  clove  oil,  the  determination  of  the  specific 
gravity  is  not  to  be  omitted.  When  it  is  found  less  than  1.045  it  is  to 
be  tested  by  means  of  fractional  distillation  for  turpentine  aud  similar 
low  boiling  oils.  Its  solubility  in  2  parts  of  TO  p.  c.  alcohol  is  also  to 
be  observed.  Oils  of  cedar  wood,  copaiba  and  gurjun  balsam  would 
show  themselves  by  their  difficult  solubility  and  simultaneous  increase 
of  the  rotatory  power.  The  German  Pharmacopoeia  gives  a  test  for 
the  highly  improbable  presence  of  carbolic  acid,  in  that  it'directs  1  cc. 

1)  Llebis'B  Annalen,  IT9,  p.  809. 

')  Journ.  1.  prakt.  Ctaemip,  II.  50,  p.  148. 

•)  Bericht  tod  S.  &  Co..  Oct.  1896.  p.  ST. 
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of  oil  to  be  shaken  with  20  cc.  of  hot  water,  and  that  the  filtrate- 
obtained  after  allowing  the  mixture  to  cool,  be  treated  with  ferric 
chloride.  A  blue  coloration  would  indicate  the  presence  of  carbolic  acid. 
Much  more  common  than  the  adulteration  of  clove  oil,  is  the  sub- 
stitution of  the  cheaper  and  less  pleasantly  odorous  oil  of  clove  stems, 
the  sure  detection  of  which  is  only  possible  to  a  well  trained  nose. 
Investigations  on  a  physical  or  chemical  basis  are  entirely  inadequate. 
Perhaps  the  recently  found  fact  that  only  oil  of  cloves,  but.  not  oil  of 
clove  stems,  contains  acet-eugenol,  might  be  used  as  a  means  of  dis- 
tinguishing between  these  oils. 

It  may  often  be  desirable  to  know  how  much  eugenol  is  contained 
in  a  clove  oil  (or  clove  stem  oil).  For  this  purpose  H.  Thorns1  has 
worked  out  a  method  of  determination  which  depends  on  converting 
the  eugenol  into  its  benzoyl  derivative,  separating  and  weighing  as- 
such.    The  method  is  as  follows ; 

In  a  tared  Quaker  of  about- 150  cc.  5  g.  of  clove  oil  are  treated  with  20  g. 
of  sodium  hydrate  notation  (15  p.  c.)  and  then  (i  g.  of  benzoyl  chloride  added. 
Tbe  mixture  is  well  shaken,  when  a  considerable  amount  of  heat  will  be 
liberated,  until  it  is  uniformly  mixed  up.  Afler  cooling,  50  on.  of  water  are- 
added,  and  then  heated  until  the  crystalline  enter  has  again  become  oily  and 
again  allowed  to  cool.  The  clear  supernatant  liquid  is  Altered  off  and  the- 
crystalline  muse  remaining  in  the  beaker  is  again  treated  with  50  cc.  of  water, 
heated  on  a  water  bath  until  the  ester  is  melted  and  filtered  after  cooling.  This 
operation  is  repeated  with  ;">0  cc.  more  of  water.  The  excess  of  soda  as  well 
as  of  sodium  salt  has  then  been  removed. 

Alter  having  returned  any  crystals  which  may  have  been  washed  on  to  the 
filter  to  the  beaker,  the  still  moist  benzoyl  eugenol  is  at  once  treated  with 
25  cc.  of  alcohol  of  90  p.  c.  by  weight,  and  heated  with  agitation  ou  a  water 
bath  until  solution  is  effected;  the  beaker  is  now  removed  from  thewaler  batb 
and  the  agitation  continued  until  the  benzoyl  eugenol  has  separated  in  fine 
crystals.  This  takes  place  in  a  few  minutes.  The  mass  is  then  cooled  to  17°, 
the  precipitate  transferred  to  a  filter  of  8  cm.  diameter  and  the  filtrate  collected 
iu  a  graduated  cylinder.  About  20  cc.  of  filtrate  are  usually  obtained ;  the 
alcoholic  solution  which  is  held  in  the  crystalline  mass  is  forced  out  by  adding 
no  much  of  90  p.  c.  alcohol  by  weight  until  the  total  filtrate  measures  25  cc. 
The  still  moist  filter  with  its  precipitate  is  transferred  to  a  weighing  tube  (the 
latter  with  the  filter  having  previously  been  dried  at  101°  and  weighed)  and 
dried  at  101"  until  the  weight  is  constant.  25  cc.  of  90  p.  c.  alcohol  dissolve 
at  17°  0.55  g.  of  pure  benzoyl  eugenol,  which  amount  must  be  added  to  the 
result  obtained. 

If  a  is  the  amount  of  benzoic  acid  ester,  b  the  amount  of  clove  oil  used 
(about  5  g.),  and  if  25  cc.  of  tbe  alcoholic  solution  of  the  ester  are  filtered  off 

i)  Ber.  tier  pharm.  OesellBchott.  1,  p.  2S8, 
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as  above  described,   the  percentage  content  o(  eugenol  in  the  oil  of  cloves  is 
found  by  the  following  formula: 

4100  (a +  0.55) 
67  .  b 
This  formula  results  from  the  two  equations: 
(Benzoyl  eugenol)  (Engeuol) 

268                   164  =  (a +  0.53):  Amount  of  eugenol  found 
164  .(a +  0.55) 
Eugene!  = — 

164.(a  +  0.55) 
Hence  6: — 100  :  jc 

-  1U  (« +  0-54)  .100  _  4100  (a  +  0.55 1 
*~  268.6  ~~  Ql.b     ~ 

Mixtures  of  pure  engeuol  with  caryopbyllene  yielded  by  this  method  results 
which   agreed   within    1    p.  c.,   an   accuracy   which  is   probably  sufficient  for 

By  Thorns'  method  only  the  free  eugenol  and  not  that  which  is  in 
the  form  of  aceWugeno!  is  determined.  If  the  content  of  acetr*ngenol  is 
also  to  be  found,  two  determinations  must  be  made;  one  as  before 
described,  and  the  other  after  saponifying  the  oil.3 

For  this  purpose  the  oil  is  heated  with  concentrated  aqueous  potassa 
solution  for  a  short  time  to  100°.  The  saponification  must  not  be  made  with 
alcoholic  potassa  as  the  alcohol  which  is  removed  only  with  difficulty,  would 
form  ethyl  benzoate  aud  thus  affect  the  results. 

The  eugenol  content  of  a  good  oil  of  cloves  amounts  to  70— 8-i  p.  c. 

Umney8  has  recommended  a  much  simpler  and  more  rapidly  con- 
ducted eugenol  determination  by  using  a  Schiramel  cassia  flask  with 
graduated  neck.* 

A  known  amount  of  clove  oil  is  put  in  the  Bask,  10  p.  c.  aqueous  potassa 
solution  added,  and  heated.  The  oil  floating  on  top  (non-phenols)  is  brought 
into  the  neck  by  filling  up  the  flask,  cooled  to  15°  and  its  amount  read  off  on 
the  scale. 

According  to  Cmney's  own  statement  the  results  thus  obtained  by 
Thorn's  method  are  11 — 12  p.  c.  too  high,  which  is  explained  in  that 
the  strong  alkali  solution  dissolves  a  part  of  the  caryophytlene.  By 
using  a  more  dilute  lye  (4 — 5  p.  c.)  the  determinations  are  more  correct 
and  perhaps  may  then  serve  for  comparative  teste  as  to  the  eugenol 
content  of  several  clove  oils. 
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237.    Oil  of  Clove  Sterne. 

Oleum  CarjophyHorum  e  Stipltiuns.— Pielkenstlelol.—  Essence  de  fifes  de  Girofle. 

Clove  stems,  the  flower  stems  of  the  cloves  already  mentioned,  are 
less  aromatic  than  these,  and  yield  on  distillation  5—6  p.  c.  of  oil. 

Oil  of  clove  stems  was  distilled  as  early  as  the  middle  of  the  six- 
teenth century.  At  the  beginning  of  the  second  decade  of  this  century 
clove  stems  were  distilled  together  with  cloves  for  the  purpose  of 
cheapening  the  oil  of  cloves.1 

Properties.  OH  of  clove  stems  is  very  similar  in  its  properties  to 
oil  of  cloves.  Its  odor,  however,  is  less  agreeable,  for  which  reason  the 
oil  is  not  to  be  used  in  finer  perfumery  and  in  pharmacy;  sp.  gr.  1.040— 
1.065;  «D=up to— 1°10'.  It  has  the  same  solubility  as  oil  of  cloves, 
i.  e.  it  is  soluble  to  a  clear  solution  in  2  parts  of  70  p.  c.  alcohol. 

Composition.  The  amount  of  free  eugenol  contained  in  oil  of  clove 
stems  is  as  a  rule  somewhat  higher  than  in  oil  of  cloves.  The  fact 
•  that  oils  of  clove  stems  show  a  higher  content  of  eugenol  by  the  benzoyl- 
chloride  method  than  clove  oils  of  the  same  specific  gravity,*  is  ex- 
plained in  that  the  specifically  heavier  aceteugenol  of  oil  of  cloves  is 
absent  in  oil  of  clove -stems.8 

Caryophyllene,  methyl  alcohol  and  furfurol  have  been  shown  to  be 
present  in  oil  of  clove  stems.  Judging  from  the  color,  methyl  amy) 
ketone  is  also  present  in  the  oil,  however,  in  much  smaller  quantity 
then  in  oil  of  cloves. 

Tests  and  eugenol  determination  are  the  same  as  Tor  oil  of  cloves. 

238.    Oil  of  Cajepnt. 

Oleum  Cajeputi.— CajeputSL  — Essence  de  Cajeput. 

Origin  and  History.  Oil  of  Cajeput  is  distilled  from  the  fresh  leaves 
and  twigs  of  various  species  of  Melaleuca  (Family  Myrtoce&e)  especially 
Melaleuca  leucadendron  L.  and  the  variety  known  as  M.  minor  Smith 
(.V.  cajeputi  Roxb.,  M.  viridiflom  Gaertn.).  These  trees,  growing  to  a 
height  of  15  meters,  are  indigenous  to  upper  India,  the  islands  of  the 
Indian  Ocean,  to  northern  Australia,  Queensland  and  New  South  Wales. 

Oil  of  cajeput  appears  not  to  have  been  brought  to  Europe  until 
the  beginning  of  the  seventeenth  century,  when  the  Dutch  took  posses- 
sion of  the  Moluccas.  The  first  accurate  account  of  the  source  of  this 
oil  was   made   known   by  the  missionary  Valentyn  and  the  merchant 

i)  Buchner's  Itepert.  1.  d.  I'hnrni.,  »)  Coinp.  Ber.  d.  pbarm.  Geo.,  1.  p.  388. 

26,  II,  p.  278.  »)  Jour.  I.  pruct.  Cbem.,  II,  06,  p.  1*8. 
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George  Eberhard  Rumpf  of  Hanau,  both  living  in  Amboina.  The  latter 
was  an  enthusiastic  plant  collector,  and  author  of  the  first  flora  of  the 
island  Amboina.  According  to  Rumpf's  statement  the  Malaya  and 
Javanese  were  acquainted  with  oil  of  cajeput  long  before  the  Moluccas, 
the  Banda  and  the  Sunda  islands  were  taken  possession  of,  and  used  it 
as  a  diaphoretic.  In  Europe,  the  oil  at  first  appears  to  have  found  no 
application.  The  first  notice  of  such  is  by  a  physician  Lochner  in 
Niirnberg  and  the  apothecary  Link  in  Leipzig.  The  former  mentioned 
the  oil  in  1717,  the  latter  had  bought  the  oil  about  the  same  time  as 
a  novelty  from  the  physician  of  a  ship  which  had  just  returned  from 
the  East  Indies.  From  this  time  on  cajeput  oil  was  used  medicinally  in 
Germany  and  was  introduced  into  the  apothecary  shops  and  mentioned 
in  price  ordinances  and  in  medical  works.  It  remained,  however,  for 
some  time  rare  and  expensive  and  not  until  1730  did  larger  quantities 
of  the  oil  come  into  the  European  market  through  Amsterdam.  In 
Germany,  it  was  at  first  called  Oleum  Wittnebianum  after  a  merchant 
E.  H.  Wittneben  of  Wolfenbiittel,  who  lived  several  years  in  Batavia 
and  had  recommended  the  oil  as  a  valuable  remedial  agent  in  German 
writings.  In  France  and  in  England  oil  of  cajeput  was  not  used  until 
the  beginning  of  this  century. 

The  first  detailed  account  of  the  simple  methods  of  distillation  of 
cajeput  oil  used  on  the  Moluccas,  was  given  by  the  French  traveler 
Labillardiere,  who  visited  the  island  of  Buru  in  1792.  The  use  of 
copper  stills  and  condensers  gave  rise  to  a  green  color  due  to  a  small 
amount  of  copper  iu  the  oil.  When  perfectly  pure,  the  oil  is  colorless. 
The  cause  of  this  coloration  was  first  detected  by  the  apothecaries 
Hellwig  in  Stralsund  in  1786,  Westrumb  in  Hameln  in  1788  and 
Trommsdorff  in  Erfurt  in  1795. 

Preparation,  PRonucnoN  and  Trade.  Oil  of  cajeput  is  obtained  in 
a  primitive  manner  by  the  natives  of  some  of  the  Molucca  islands. 
According  to  Reinwardt  the  oil  was  prepared  formerly  only  on  Buru. 
In  1821  there  were  only  3  distilling  apparatus  on  this  island,  in  1855 
there  were  50.  Recently  the  distillation  is  also  carried  on  in  Ceram. 
Martin,  who  in  1891 — 92  visited  Ceram  and  Buru,  described  the  method 
of  preparation,  illustrated  in  the  accompanying  figure,  as  follows: 

"Above  a  crudely  mortared  fire-place  stands  a  barrel  a,  1  meter  in  height, 
which  nerves  as  a  distilling  vessel;  into  this  are  pressed  the  leaves  of  the 
Melaleuca  and  the  container  is  half  filled  with  water.  A  metallic  helm  (h\ 
which  is  obtained  from  Ambon  or  Java,  is  mounted  on  top,  and  its  elongated 
tube  passed   through   a  second,  somewhat   larger  barrel   (a),   serving  as    a 
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condenser.  Water  is  conducted  into  the  tatter  from  the  top  bj  means  of  a 
bamboo  tube  (d)  from  some  small  channel  on  the  side  of  a  hill.  The  vofatile 
Oil  of  the  plant  passes  over  with  the  water  vapor  and  separates  again  after 
condensation.  Water  and  oil  Sow  into  a  vessel  made  of  a  cocoannt  shell,  which 
in  turn  is  connected  by  means  of  a  short  tube  with  a  bottle.  Usually  one  sees 
a  four-cornered  brandy  flask,  as  they  are  frequently  seen  in  India,  used  for  this 
purpose.  This  flask  is  provided  at  the  bottom  with  a  small  opening,  and 
stands  in  a  small  trough  (ei.  filled  with  water,  so  that  it  is  likewise  filled  with 


Fig.  76. 

Cajeput  Oil  Distillation  on  Cerain  (Moluccas), 
water  at  the  beginning.  The  distillation  product  gradually  replaces  the  water 
in  the  flask,  and  the  water  which  has  passed  over  with  the  oil,  likewine  flows 
through  the  opening  into  the  trough,  until  finally  the  entire  flask  is  filled  with 
oil,  and  can  be  removed  by  putting  a  finger  on  the  opening  while  under  water. 
The  yield  of  oil  as  obtained  with  such  an  arrangement  amounts  to  about 
1%  liters  per  day.  As  is  well  known  the  light  bluish -green  liquid  is  valued  iu 
Europe  at>  a  stimulant,  hi  Bnru  it  is  used  as  a  domestic  remedy  for  all 
imaginable  ills." 

The  oil  is  filled  into  empty  wine  and  beer  bottles.  25  bottle*  are 
packed  at  a  time  into  a  box  made  of  the  stems  of  the  leaves  of  the 
sago  palm '  (Metroxylon).  The  exhausted  cajeput  leaves  serve  as  packing 
material.  Macassar  on  Celebes  is  the  principal  commercial  center  for 
oil  of  cajeput. 

i)  An  Illustration  of  nuch  a  case  is  to  !>■■  found  In  Tscblrch's  lnillwtm  Hell-  and 
Nil  tip  Ann  ten.  plate  7fi  and  p,  IB7. 
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The  total  export  of  this  oil  trom  Macassar  was : l 

1894 M.078  kilos. 

1895 49.801     " 

1896 57.800      ■ 

1897 78,543     ■■ 

The  greater  part  of  the  oil  is  consumed  in  the  orient,  especially  in 
British  India.    A  smaller  part  comes  through  Amsterdam,   Hamburg 
and  London  into  the  European  market. 
The  import  of  Amsterdam  amounted  to : 

1894 about  10,700  bottles  =  about  6,420  kilos. 

1895 "       18,800       "       =      "      7,980     " 

1896 '■  —  '■—■■_ 

1897 "         8,500        "        =      "       2,100      '■ 

The  oil  is  not  sold  by  weight  but  by  bottles.  As  these,  in  the  course 
of  time,  became  smaller  and  smaller,  and  as  considerable  loss  was 
experienced  by  breakage  in  transporting,  Scbimmel  &  Co.  tried  the  more 
rational  proceeding  of  shipping  the  oil  in  iron  containers.  This  practical 
innovation,  which  was  to  establish  the  trade  on  a  firmer  basis,  has  up 
to  now-been  unsuccessful  on  account  of  the  conservatism  of  the  Dutch. 

Properties.  Crude  oil  of  cajeput  is  a  green  to  bluish-green  liquid, 
due  to  the  presence  of  copper,  while  the  rectified  oil  is  colorless  or 
yellowish.  It  has  the  pleasant,  camphor-like  odor  of  cineol  and  an 
aromatic,  somewhat  burning,  later  cooling  taste.  Sp.  gr.  0.920—0.930 : 
aD  =  —  0°10'  to  —2°.  The  oil  dissolves  in  1  part  of  80  p.  c.  alcohol, 
but  often  gives  clear  solutions  even  with  3 — 5  parts  of  70  p.  c.  alcohol, 

On  strongly  cooling  with  liquid  carbonic  acid  and  ether,  it  solidifies 
to  a  crystalline  mass.  The  copper  can  be  removed  from  the  oil  by 
shaking  with  a  concentrated  solution  of  tartaric  acid.-  As  can  be  seen 
from  its  spectroscopic  behavior,  cblorophyllan,a  oxidized  chlorophyll,  is 
contained  also  with  the  copper  in  the  crude  oil. 

Composition.  The  first  chemical  investigations  dealt  almost  exclu- 
sively with  the  principal  constituent  of  cajeput  oil.  the  elementary  com- 
position of  which,  CioHisO,  was  correctly  recognised  as  early  as  1833 
by  Blanchet.8  The  identity  of  this  body,  which  was  called  cajeputene 
hydrate    by   Schmidt.*    eajeputol   by    Gladstone,8  also  by  Wright  and 

i)  Berlrht  tod  8.  ft  Co..  Apr.  1898.  p.  10;  Apr.  18B9.  p.  8. 

•  i  !■  ho  nil.  ZeJtBchr.  f.   Kusnl..  27,  p.  548:  Jahresb.  I.  Phartu..  1888,  p.  BIT. 
>)   I.lohlic'H  Aunalen,  T,  p.  161 . 

«]  Jouro.  Ohem.  Soc.  14.  p.  03:   Journ.  f.  praltt.  Uhem.,  S3,  p.  189. 

•  )  Jonrn.  Chem.  Sue..  35,  p.  1;  Pharm.  Joiim.  Ill,  2.  p.  7+6;  Jnlirenb.  t.  Chemie. 
1872.  p.  815. 
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Lambert,1  with  cineol  was  shown  by  Wallach8  in  1884.  He  prepared 
the  halogen  and  hydrohalogen  compounds.  A  further  proof  was  fur- 
nished by  Wallach  and  Gildemeister  8  by  the  oxidation  of  the  fraction  in 
question  to  cineolic  acid  CioHieOo,  melting  at  196 — 197°. 

Another  important  constituent  of  cajeput  oil  which  in  regard  to  the 
amount  present  takes  second  place,  is  the  solid  terpineol,*  CioHibO, 
discovered  by  Voiry,B  which  is  present  in  the  free  state,  as  well  as  in 
the  form  of  its  acetic  acid  ester. 

Terpenes  are  present  in  the  oil  to  only  a  small  extent;  the  laevo- 
gyrate fraction,  boiling  at  155 — 165°,  gives  with  hydrochloric  acid  a 
solid  laevogyrate  monohydrochloride  CioH-mHCI6  melting  at  126 — 128°. 
1-Pinene  is  therefore  present. 

Several  aldehydes  are  present  in  the  first  fraction.  Voiry  obtained 
by  separation  with  sodium  bisulphite  a  liquid  of  the  properties  of  valeric 
aldehyde.  The  second  aldehyde,  smelling  like  oil  of  bitter  almonds,  is 
probably  benzaldehyde. 

239.    Oil  of  Niaouli. 

Oil  of  niaouli,  the  distillate  obtained  from  Melaleuca  viridiSora 
Brongn.  et  Gris,  called  Niaouli  in  New  Caledonia,  is  very  similar  to  oil 
of  cajeput  in  its  properties  and  composition.  The  oil  is  also  called 
Gomenol  on  account  of  its  preparation  in  the  neighborhood  of  Gomen. 
Sp.  gr.  0.908—0.922  at  12°.  Optically  it  is  either  inactive  or  slightly 
dextro-  or  laevogyrate. 

Composition.6  In  place  of  the  1-pin  ene  in  cajeput  oil,  niaouli  oil 
contains  d-pinene  of  which  a  dextrogyrate  solid  monohydrochloride 
CioHieHCl  was  obtained.  Cineol  is  the  principal  constituent  (about 
66  p.  a),  and  is  accompanied  by  a  laevogyrate  compound  of  the  same 
boiling  point  (1-limonene?).  Crystallized  terpineol,  CioHisO,  and  it* 
■  valerianic  acid  ester  are  present  to  the  extent  of  about  30  p.  c. ;  there 
are  also  present  traces  of  acetic  and  butyric  acid  esters.7  Bertrand 
separated  by  means  of  bisulphite  two  aldehydes  from  the  oil,  of  which 
the   one   had   the   odor  of   valeric  aldehyde,  the  other  that  of  bitter 

■  )  Berfchte,  7.  p.  COS;    l'harm.  Journ.,  Ill,  S,  p.  284. 

')  MeblK's  Annalen,  225.  p.  81."., 

3)   LieblK'a  Annalen.  2*6,  p.  276. 

*)  Berfcht  von  S.  &  Co.,  Apr.  1892.  p.  T. 

»)  Coiupt.  rend.,  106,  p.  1588;  Ball.  Sue.  clilm.,  II,  50.  p.  10S;  Journ.  de  Phann.. 
V,  IS.  p.  140. 

•  I  Bertrand,  Bull.  Soo.  rhtm..  Ill,  9.  p.  482; 
Contribution  a  l'<!tude  chlmlqUB  den  ha  lie*  e&nent 
I'Ecole  de  Pharmncle  de  Parts  ISMS. 

'I  Berlcht  von  R.  &  Co.,  Apr.  1&U2,  p.  44. 


b.Google 


Oils  of  the  Myrtaceae.  523 

almond  oil  and  boiled  at  180°  (benzaldehyde?).    The  unpleasant  odor 
of  the  crnde  oil  is  due  to  sulphur  compounds. 

240.    Oil  of  Melaleuca  Acuminata  F.  v.  Mull. 
Colorless    oil,    with    an    odor  reminding  slightly  of  juniper  berries. 
8p.  gr.  0.892;  aB  =— 15° 2C.    It  contains  much  cineol.1 

241.    Oil  of  Melaleuca  Decuseata  R.  Br. 

Distillate  of  the  branches  and  leaves.  Yield  0.037  p.  c. ;  sp.  gr. 
0.938;  b.  p.  185—209°.  Odor  and  taste  are  very  similar  to  cajeput 
oil  (Maiden8). 

242.    Oil  of  Melaleuca  Bricifolia  8m. 

The  leaves  yield  0.033  p.  C.  of  oil  which  is  also  similar  to  cajeput 
oil.  Sp.  gr.  0.899—0.902.  It  boils  between  14!)  and  1S4°2  and  is 
dextrogy  rate .  * 

243.    Oil  of  Melaleuca  Genistifolia  8m. 

From  the  leaves  and  twigs  0.062  p.  c.  of  oil  are  obtained.  It  is 
yellowish-green  in  color,  and  has  a  mild  odor  and  taste.8 

244.    Oil  of  Melaleuca  Leucadendron  var.  Lanclfolia. 

Wp.  gr.  0.955;  «d  = — 3° 38'.    It  consists  principally  of  cineol.1 

24B.    Oil  of  Melaleuca  Linarlifolia  Sm. 

Fresh  leaves  give  a  yield  of  0.17  p.  c.  of  oil  which  is  of  a  pleasant 
cajeput- like  odor,  and  has  first  a  mace-like,  later  a  minty  taste.0  It  is 
dextrogyrate,*  has  the  sp.  gr.  0.898— 0.903  and  boila  from  175 — 187°. 

246.  Oil  of  Melaleuca  Squarrosa  8m. 

Yield  0.002  p.  c.    The  oil  is  green  and  has  an  unpleasant  taste.8 

247.  Oil  of  Melaleuca  Uncinata  R.  Br. 

Sp.  gr.  0.925;  '*D=  +  lo-i0'.  The  principal  part  boils  between  175 
and  180".    The  lower  boiling  fraction  has  a  decided  spike-  or  rosemary- 

l)  B«rlcht  von  S.  i.  Co.,  Apr.  1S92,  p.  44. 

>)  The  useful  DM.1  ve  plsnu  or  Aon  trails,  p.  279. 

»t  Ibidem,  p.  2?«. 

»)  Journ.  Chem.  8oc.,  25,  p.  1;    Pharm.  Jonrn.,  III.   2.  p.  T46;  Jshresb.  1.  Chemle. 
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like  odor.  The  second  fraction  smells  strongly  of  cineol  which  is  the 
main  constituent  of  the  oil.  The  highest  boiling  portions  consist 
probably  of  terpineol.1 

248.    Oil  of  Melaleuca  Wilsonti  F.  v.  Mull. 
The   leaves  yield   0.024  p.  c.  of  au  oil  similar  to  cajeput,  of  the 
sp.  gr.  0.925.» 

EUCALYPTUS  OILS. 

History.  The  oil  of  Eucalyptus  piperita  Sm.,  is  the  oldest  oil  of 
eucalyptus  leaves,  being  mentioned  as  early  as  1790. 8  In  1853  the 
botanist  Ferdinand  von  Muller  recommended  to  the  Province  of  Victoria 
the  distillation  of  the  leaves  of  the  eucalyptus  species.4  Bosisto,5  who 
had  distilled  experimentally  the  dried  leaves  in  London,  established  in 
1854  the  first  factory  in  Australia,6  and  iB,  therefore,  to  be  considered 
as  the  founder  of  this  extensive  industry. 

Australian  eucalyptus  oil  came  into  the  German  market  about  18ti(t 
without  any  botanical  reference  as  to  its  source.  It  probably  was 
principally  the  distillate  from  Eucalyptus  amygdalina. 

Eucalyptus  globulus  was  discovered  in  Tasmania  in  1792  by  Labil- 
lardiere  and  introduced  into  Europe  in  1856  by  Ramel.  The  oil  of 
thiB  species  was  obtained  on  a  large  scale,  first  in  southern  France, 
Algiers  and  California,  and  is  a  staple  article  of  commerce  only  since 
the  early  eighties. 

Production.  The  Australian  eucalyptus  oil  industry  soon  spread 
from  Victoria  to  South  Australia,  then  to  Tasmania  and  Queensland. 
The  principal  places  of  production  are  in  Victoria,  Melbourne  and 
vicinity,  the  shores  of  Lake  Hindmarsh  and  Bendigo ;  in  South  Australia, 
Adelaide  and  Kangaroo  Island;  in  Queensland,  Brisbane,  Gladstone. 
Bockharapton,  Inghamstown  and  Wallaroo;  on  Tasmania,  Hobart. 

In  Australia  the  leaves  of  the  various  species  used  for  distillation 
are  not  kept  separate  with  the  required  care,  so  that  the  designations 
of  botanical  sources  are  sometimes  unreliable. 

According  to  a  report  by  Maiden7  the  so-called  bulk  oil  is  'obtained 

i)  Berlcbt  von  S    &  Co.,  Apr.  IBM,  p.  44. 
9)  Useful  native  plant*,  etc..  p.  2H0. 

•)  Journal  or  a  Voyage  to  New  South  Wale*  b.T  John  White,  .Snrgeou-Ueneral  to 
the  Settlement,  published  1TB0. 

*)  EucalyptOEraphl*.  Melbourne,  1878;  Select  Extra-Tropical  Plants.  0th  ed..  p.  164. 
»>  Transact.  Royal  Sue.  Victoria,  1861—64. 
«)  Berlcht  van  S.  &  to,  Oct.  1HS8.  p.  IB. 
')  Berlcht  von  S.  &  Co..  Apr.   1898,  p.  ST. 
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in  Bendigo  (Victoria),  where  Ave  firms  are  engaged  in  the  distillation 
of  eucalyptus  oil,  from  a  mixture  of  the  leaves  of  Euealy/itas  aideroxylon 
with  those  of  E.  leucoxjrlon,  E.  melliodom.,  E.  jiolyanthema  and  others, 
while  for  the  preparation  of  the  finer  qualities,  the  leaves  of  E.  aideroxylort 
are  exclusively  used.  The  leaves  stripped  from  the  felled  trees  are  usually 
packed  into  bags  by  common  laborers  and  transported  by  them.  It  is 
readily  seen  that  with  such  a  system  of  collection  the  bags  might  often 
contain  mixed  leaves,  and  this  is  also  the  reason  why  the  quality  of 
the  resulting  eucalyptus  oil  often  varies  so  widely. 

The  distillation  is  performed  in  Australia1  by  passing  steam  through 
the  stills3  filled  with  the  leaves  without  the  addition  of  water. 

The  crude  oil  from  the  leaves  of  Euc&iyptui  cneorifolia,  E.  gonio- 
calyx  and  E.  incrassata  is  of  a  dark  color,  that  of  E.  odorata  is  bright 
yellow.  For  purification  the  oil  is  treated  with  sodium  hydrate  solution, 
which  removes  the  irritating  aldehydes  and  saponiflable  bodies,  and  is 
then  rectified.  The  removal  of  the  readily  volatilized  aldehyde  is,  how- 
ever, only  partially  accomplished  by  this  method.  The  resulting  distil- 
late is  the  ordinary  eucalyptus  oil  of  commerce.  Ten  percent  of  the 
original  oil  remain  in  the  still  and  form  with  the  sodium  hydrate  a 
kind  of  soap,  of  a  deep  dark  brown  color  and  syrupy  consistency.  This 
distillation  residue  is  used  under  the  name  of  eucalyptus  tar  or  resin  oil 
as  a  cheap  disinfecting  agent  or  for  perfuming  common  soaps.  Frequently, 
however,  it  is  discarded  altogether. 

The  California  eucalyptus  oil  from  E.  globulus  was  for  a  time 
obtained  in  considerable  quantities  as  a  side  product  in  the  manu- 
facture of  an  anti  boiler  deposit  remedy  in  Alameda  County  near  Ban 
Francisco  Bay.    This  oil  no  longer  occurs  in  the  European  market. 

The  closest  competitor  of  the  Australian  globulus  oil  is  Algiers, 
where  considerable  amounts  are  produced.  In  southern  France  and  also 
in  Spain  some  eucalyptus  oil  is  obtained.  What  part  the  oil  recently 
distilled  in  Portugal8  will  play  in  the  markets  of  the  world  cannot  yet 
be  estimated.  The  oil  (E.  globulus)  prepared  in  India  in  the  Nilgiri 
mountains  is  exclusively  consumed  there  and  not  exported.4 

The  eucalyptus  oils  can,  according  to  their  constituents  or  their 
odor,  be  divided  into  5  groups. 

1)  Ptil&nn.  JOUIH.,  in,  as,  p.  rsoi. 

'}  These  distilling  apparatus  are  often  constructed  ol  wood,  and  have  a  capacity 
up  to  20,000  liters.  They  are  capable  ol  distilling  47  tona  ol  leave*  per  week.  (Bertcht 
Ton  B.  *  Co.,  Oct.  1886.  p.  18). 

»)  Berlin  t  Ton  8.  4  Co.,  Oct.  189T,  p.  24. 

*)  Eerier,  t  rem  8.  <fc  Co..  Apr.  1891.  p,  18. 
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First  Group:  Cineol-  (Eucalyptol-)  containing  Oils. 

Thia  group  includes  primarily  all  those  eucalyptus  oils  which  are  of 
commercial  interest.  Among  these  the  oil  from  E.  globulus  is  the  most 
important  on  account  of  its  high  content  of  cineol.  The  oils  from 
E.  odornta,  E.  oleosa,  E.  cneorifolia  and  E.  dumosx  which  are  likewise 
prepared  in  larger  quantities  are  to  be  considered  as  substitutes  for  the 
globulus  oil,  which  they  resemble  in  their  properties. 

2-1-9.    Oil  of  Eucalyptus  Globulus. 

Origin.  Of  all  the  eucalyptus  species  that  of  Eucalyptus  globulus 
Labillardiere  is  the  best  known  and  the  most  highly  valued  outside  of 
Australia.  On  account  of  its  rapid  growth  and  the  enormous  water 
evaporation  connected  therewith,  the  tree  has  been  planted  with  success 
in  marshy  districts.  The  beneficial  influence  which  its  cultivation  exerts 
in  malarial  districts,  is  in  all  probability  principally  due  to  the  drying 
up  of  the  marshes  and  less  to  the  balsamic  exhalation  produced  by  the 
oil  in  the  leaves. 

The  tree  known  in  Australia  as  the  blue  gum-tree  of  Victoria  and 
Tasmania  requires  for  its  growth  about  the  same  climate  as  the  oranges. 
Its  excellent  properties  are  the  cause  or  its  cultivation  in  all  parts  of 
the  world.  It  is  found  in  Algiers,  southern  France,  Italy.  Spain  and 
Portugal,  in  California.  Florida,  Mexico,  on  Jamaica,  in  Transvaal  and 
Pretoria,  in  India  and  many  other  places. 

According  to  F.  von  Miiller  the  fresh  leaves  yield  0.71  p.  c.  of  oil. 
Schimmel  &  Co.  obtained  a  yield  of  1.6—3  p.  c.  from  the  dried  leaves. 

Properties.  The  oil  of  Eucalyptus  globulus  is  a  light'  yellow, 
mobile  liquid,  of  a  pleasant,  refreshing  cineol  odor,  and  spicy  cooling 
taste.  Aldehydes,  (especially  valeric  aldehyde),  make  themselves  unpleas- 
antly noticeable  in  the  crude  oil  by  their  tendency  to  produce  coughing. 
Well  rectified  oils  do  not  possess  this  disagreeable  property,  or  at  least 
only  to  a  very  slight  degree.    Sp.  gr.  0.910— 0.930;  aD=  +  l  to  +15°. 

The  more  cineol  (eucalyptol)  the  oil  contains,  the  higher  is  its 
specific  gravity  and  the  lower  its  rotatory  power.  Oils  containing  much 
eucalyptol  solidify  to  a  white  crystalline  mass  when  they  are  cooled  in 
a  freezing  mixture  of  ice  and  salt.  The  oil  gives  a  clear  solution  with 
3  parts  of  70  p.  c.  alcohol. 

Composition.  The  first  investigation  of  eucalyptus  oil  was  under- 
taken  by  Cloez1   in  1870.     He  separated   from   the  oil  by  fractional 

I)  Compt.  rend.,  70.  p.  687;  Llebig's  Annalen.  1M,  p.  87a. 
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distillation  a  body  boiling  at  175°,  which  he  called  eucalyptol.  From 
the  low  specific  gravity  (0.905  instead  of  0.930)  as  well  as  the  optical 
activity  of  the  fraction  it  can  be  seen  that  it  was  still  contaminated 
with  terpenes,  on  account  of  which  the  elementary  analysis  led  Cloez 
to  the  incorrect  formula  C12H23O. 

A  few  years  later,  in  1874,  Faust  and  Homeyer1  investigated  a 
eucalyptus  oil,  the  source  of  which  is  not  mentioned  by  them.  The  fact 
that  the  fraction  of  this  oil  boiling  at  171— 174°  contained  no  oxygen, 
shows  that  it  could  not  have  been  the  oil  of  Eucalytos  globulus. 

The  correct  composition  of  eucalyptol  as  CjoHxaO  was  recognized 
by  Jahns3  in  1884.  He  demonstrated  its  identity  with  cineol.  He 
employed  the  method  recommended  shortly  before  by  Wallach  and 
Brass8  for  the  isolation  and  purification  of  cineol,  by  conducting  hydro- 
chloric acid  into  the  cineol  fraction.  For  the  properties  of  cineol  com- 
pare p.  175. 

The  hydrocarbon  accompanying  the  cineol,  and  formerly  called 
eucalyptene,  is  d-pinene.  Wallach  and  Gildemeister4  obtained  solid 
pinene  monohydrochloride  by  conducting  dry  hydrochloric  acid  gas  into 
the  fraction  boiling  about  165°.  A  nitrosochloride  was  formed  with 
amyl  nitrite  and  hydrochloric  acid,  which  on  boiling  with  alcoholic 
potassa  was  converted  into  nitrosopinene  (m.  p.  129— 130°),  and  by 
heating  with  piperidine  into  pinene  nitrolpiperidine  melting  at  116°. 

According  to  a  further  observation  it  is  probable  that  eucalyptus 
oil  contains  other  terpenes  besides  pinene.  Bouchardat  and  Tardy9 
obtained  by  the  action  of  formic  acid  on  the  terpene  fraction  of  the 
oil  boiling  at  156 — 157°,  terpineol,  isoborneol  and  fenchyl  alcohol.  The 
formation  of  the  terpineol  is  explained  by  the  presence  of  pinene,  whereas 
the  formation  of  isoborneol  and  fenchyl  alcohol  can  probably  be  traced 
to  the  presence  of  camphene  and  fenchene. 

The  unpleasant,  penetrating  and  irritating  odor  of  the  crude 
eucalyptus  oil  is  occasioned  by  different  aldehydes,  principally  valeric 
aldehyde,  besides  butyric  and  capronic  aldehydes.6  According  to 
Bouchardat  and  Oliviero.7  there  are  found  in  the  first  fraction  ethyl 
and  amyl  alcohols,  and  according  to  Wallach  and  Gildemeister8  fatty 
acids  not  definitely  determined. 

i)  Berichte,  7,  p.  68.  '    ■)  Co  rapt,  rend.,  120,  p.  1417. 

'1  Berlchte,     IT,     p.     2941;      Archlv    il.  «)  Bericht  tod  B.  ft  Co..  Apr.  1888, 

Plinrm..  228,  p.  32.  p.  IS. 

*)  UeWs  Annalen,  22B,  p.  1191.  ')  Bull.  Soc.  chlm.,  III.  9.  p.  429. 

»l  Ueblg'n  Annalen,  246,  p.  288.— Contp.  ■>  Lleblg'a  Annalen,  246,  p.  288. 
al>0  '"olrj,  Bull.  Soc.  chlm.,  II,  30,  p   106. 
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The  fraction  of  the  oil  boiling  above  200°  is  laevogyrate  and  on 
distillation  splits  off  an  acid  (acetic  acid?):  it  contains  therefore  an 
ester.  After  saponifying  there  is  obtained  a  laevogyrate  alcohol 
(aD=— 17°)  boiling  at  215—220°  of  the  sp.  gr.  0.96.  This  alcohol  has 
not  yet  been  investigated. 

Quantitative  Determination  op  Cineol  in  Edcalyptob  Oils.  As 
the  value  of  the  eucalyptus  oils  of  this  group  depends  entirely  on  the 
amount  of  cineol  present,  the  quantitative  determination  of  this  body 
is  of  importance.  It  is  to  be  regretted  that  control  experiments  for  the 
following  three  methods  mostly  employed  have  not  been  made  on 
mixtures  of  known  cineol  content,  so  that  at  present  nothing  can  be 
said  as  to  the  degree  of  accuracy  of  these  methods.  As  the  results  of 
the  different  methods  of  determination  do  not  agree,  they  are  only  of 
value  when,  in  stating  the  cineol  content,  the  method  is  mentioned  by 
which  the  latter  was  determined.  The  distillation  method  as  well  as  the 
phosphoric  acid  method  described  in  the  following  are  only  applicable 
to  oils  rich  in  cineol,  while  the  hydrobromic  acid  method  yields  results 
even  when  the  cineol  is  present  in  smaller  amounts. 

I.  The  Hydrobromic  Acid  Method.  Dry  hydrobromic  acid  is  conducted 
into  the  well  cooled  solution  of  the  eucalyptus  oil  in  an  equal  or  greater 
volume  of  petroleum  ether  as  long  as  a  precipitate  is  formed.  The  hydro- 
bromide  of  cineol  Formed  ia  rapidly  filtered  off  with  a  suction  pump  and  washed 
with  cold  petroleum  ether.  Hydrobromic  acid  is  attain  conducted  into  the 
filtrate  in  case  a  further  precipitation  takes  place.  The  total  bydrobromide  of 
cineol  after  being  dried  iu  a  vacuum,  is  decomposed  with  water,  transferred  to 
a  burette  and  the  amount  of  cineol  read  off  on  the  scale.  By  multiplying  the 
number  of  cubic  centimeters  found  by  0.98  (the  sp.  gr.  of  the  cineol)  the  weight 
of  the  cineol  separated  from  a  certain  amount  of  oil  is  obtained. 

II.  The  Distillation  Method.1  The  oil  to  be  investigated  is  fractionated, 
and  the  fractions  collected  at  intervals  of  2  degrees,  are  placed  in  a  (reeling 
mixture  and  cooled  to  —15  to— 18°.  Crystallisation  is  then  induced  by  shaking 
or  by  bringiiiK  into  contact  with  a  crystal  of  cineol.  The  portion  .remaining 
liquid  after  standing  for  one  hour  iu  the  [reeling  mixture  is  removed  with  a 
finely  pointed  pipette.  With  a  little  experience  an  almost  dry  mass  of  crystals 
is  obtained  from  which  the  last  traces  of  liquid  can  be  removed  by  a  repeated 
shaking  together  of  the  crystals.  The  melted  cineol  of  all  fractions  is  collected 
and  weighed. 

As  a  certain  amount  of  the  cineol  remains  dissolved  In  the  terpens,  it  is 
oC  coarse  evident,  that  not  all  of  the  compound  can  be  separated  in  this 
manner.  This  method  is,  therefore,  only  applicable,  when  it  is  desired  to  know 
which  oue  of  a  number  of  oils  is  richest  iu  cineol. 


■(.lORlcal    Record,   VIII,  1892. 
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ill.  The  Phosphoric  Acid  Mist  bod.  Thin  depends  on  the  property  of  phos- 
phoric acid  to  combine  with  cineol  to  form  a  compound  analogous  to  the 
addition  products  of  h.vdrobromic  and  hydrochloric  acids.  According  to 
Helbing  and  Passmore*  the  method  is  as  follows: 

Concentrated  phosphoric  acid  (sp.  gr.  1.75)  is  added  drop  by  drop  with 
constant  stirring  to  10  g.  ol  eucalyptus  oil  in  a  beaker.  During  this  operation 
the  beaker  must  be  kept  cold  with  water,  and  care  must  be  taken  that  the 
contents  do  not  warm  up.  By  the  careful  addition  of  the  phosphoric  acid 
scarcely  a  yellow  or  reddish  color  is  developed.  The  reaction  is  complete  as 
soon  as  a  drop  of  the  acid  produces  a  dark  red  coloration  of  the  mass. 

The  crystalline  mass  formed  is  sharply  pressed  between  Alter  paper,  for 
which  purpose  an  ordinary  copying  press  may  be  used.  The  pressing  is  repeated 
with  fresh  filter  paper  until  no  grease  spots  are  visible  on  the  latter.  The 
crystals  are  then  weighed  in  a  beaker  and  by  multiplying  by  6.11  the  percent 
of  the  cineol  is  obtained. 

The  factor  6.11  is  gotten  from  the  following  equation,  based  on  the  as- 
sumption as  yet  unproven,  that  the  double  compound  is  an  addition  product  of 
1  mol.  each  of  phosphoric  acid  and  of  cineol. 

CioHisO  +  HsPO,  =  CioHi8OHsP04. 

The  results  obtained  by  the  phosphoric  acid  method  are  about  % 
higher  than  those  obtained  by  the  freezing  method,  but  are  still  con- 
siderably from  the  true  value.  Kebler*  obtained  with  pure  cineol  only 
62.14  p.  c.  instead  of  100.  He,  therefore,  recommends  the  following 
modification  of  the  method. 

4  cc.  of  phosphoric  acid  (1.75)  are  added  to  8  g.  of  oil  contained  in  a 
beaker  cooled  with  ice  water.  It  is  then  slowly  bat  thoroughly  stirred  and  the 
cineol  phosphate  expressed,  decomposed  with  hot  water  and  the  acid  titrated 
with  normal  alkali.  In  this  manner  Kebler  found  for  pure  cineol,  instead  of 
100,  103.75  p.  c. 

Experiments  with  mixtures  of  known  cineol  content  were  not  made, 
and  there  is,  therefore,  no  basis  for  judging  the  applicability  of  the 
method  to  eucalyptus  oils.  When  it  is  considered  how  difficult  it  is  to 
remove  quantitatively  the  excess  of  the  viscid  phosphoric  acid,  no  con- 
fidence can  be  extended  even  to  this  modification  of  the  phosphoric 
acid  method. 

Allen8  has  recently  tested  the  method  by  making  mixtures  of  pure 
eucalypto!  with  the  eucalyptol-free  constituents  of  a  globulus  oil.  In  oil 
containing  more  than  50  p.  c.  the  experimental  result  differed  from  the 
theoretical  by  at  most  1%  p.  c.  With  a  content  of  from  20  to  50  p.  c. 
the  highest  difference  was  only  2%  p.  c.  With  oils  containing  lees  than 
20  p.  c.  the  method  was  found  to  be  inapplicable. 
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250.    Oil  of  Eucalyptus  Odorata. 

Eucalyptus  odorata  Behr.  is  a  tree  indigenous  to  South  Australia. 
Victoria  and  New  South  Wales.  The  yield  ol  oil  from  fresh  leaves 
amounts  to  1.4  p.  c.  The  light  yellow  oil  has  an  aromatic  camphor-like 
taste  and  smells  after  cineol  and  Roman  caraway  oil.  Sp.  gr.  0.899  to 
0.925;  slightly  laevogyrate.  It  boils  from  157—199°  (Maiden  ')  and  is 
often  so  rich  in  cineol  (identified  by  the  hydrobromic  add  compound) 
that  it  solidifies  in  a  freezing  mixture  without  being  fractionated. 

From  the  rectification  residue  a  considerable  amount  of  cuminic  alde- 
hyde was  separated  by  means  of  its  bisulphite  compound.  It  was 
identified  by  oxidation  to  cuminic  acid.8 

261.    Oil  of  Eucalyptus  Cneorifolia. 

The  oil  of  this  bush-like  eucalyptus  species,  growing  on  Kangaroo 
island  in  South  Australia  has  only  lately  appeared  in  the  market.  It« 
accompanying  odor  reminds  of  dill  and  caraway.  Sp.  gr.  0.899—0.928: 
[a]D  =— 4  to  —14°  (Wilkinsons). 

A  firm  in  Adelaide,  which  had  introduced  the  oil  into  the  market, 
at  first  designated  it  as  coming  from  Eucalyptus  oleosa.  This  is  due 
to  the  fact  that  E,  cneorifolia  is  now  considered  as  a  separate  species, 
whereas  it  was  formerly  considered  as  a  variety  of  E.  oleosa.* 

252.  Oil  of  Eucalyptus  Oleosa. 

Eucalyptus  oleosa  F.  v.  Mull,  likewise  belongs  to  the  bush-like 
eucalyptus  species.  The  yield  of  oil  is  1.25  p.  c.j1  sp.gr.  0.906 — 0.926: 
[<*]d  =  +  4  to  5°.B    It  contains  cineol  and  cuminic  aldehyde. 

253.  Oil  of  Eucalyptus  Dnmosa. 
Eucalyptus  rfumosa8  is  found  in  northern  Victoria,  in  southern  New 

Sonth  Wales  and  in  South  Australia.    Yield  about  1  p.  c;  sp.  gr.  0.884 
to  0.915 ;  «d  =  +  0°  6'  to  +  6°  30'.    It  contains  large  amounts  of  cineol." 

254.    Oil  of  Eucalyptus  Amygdalitis. 
Origi.y.    The  tree,  known  in  south-eastern  Australia  as  white  and 
brown    peppermint   tree,   Eucalyptus  amygdalitis  Labill.,   is  one  of  the 

i)  The  usitful  native  plants  of  Australia,  p.  873. 

>)  Bf-richi  von  8.  &  Co.,  Apr.  1889,  p    19. 

■)  Proc.  Royal  Soc.  ol  Victoria,.  1898.  p.  19S. 

«)  Berlcht  von  S.  &  Co..  Apr.  1893,  p.  1*. 

*)  The  useful  native  plant*  ol  Australia,  p.  367. 

•)  Berlcht  von  8.  *  Co..  Oct.  1889,  p.  28. 
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tallest  of  the  eucalyptus  species.  According  to  F.  yon  Mttller  it  reaches 
a  height  of  over  400  feet.  Its  leaves  contain  more  oil  than  any  other 
species,  yielding  on  distillation  over  H  p.  c.  of  oil.  Formerly  it  came 
in  great  quantities  into  tbe  market,  but  it  has  recently  been  replaced 
more  nnd  more  by  the  oils  richer  in  cineol. 

According  to  Baker  &  Smith '  the  commercial  oil  of  EucaJytus 
amygdiiliim  Labill.  is  not  obtained  from  this  species  but  from  E.  amyg- 
dalitis var.  latifolia  Maiden  et  Deane.  The  true  oil  of  E.  amygdalina 
Labill.  contains  according  to  Baker  and  Smith,  when  the  leaves  are 
distilled  at  the  proper  time,-  about  45  p.  e.  of  cineol. 

Properties.  The  oil  is  light  yellow  or  colorless.  Its  cineol  odor  is 
almost  masked  by  the  terpene  odor;  sp.  gr.  O.80O — (I.88<1;  «d  =  —  25 
to  —70°.  The  higher  the  specific  gravity  and  the  lower  the  rotation,  the 
more  cineol  and  less  phellandrene  does  the  oil  contain.  The  phellandrene 
reaction  mentioned  below  is  characteristic  for  the  oil.  It  is  much  less 
soluble  in  alcohol  than  oil  of  Eucalyptus  globulus.  As  a  rule  more  than 
6  parts  of  90  p.  c.  alcohol  are  necessary  for  solution,  which  in  most 
cases  is  not  even  perfect.. 

Composition.  According  to  Wallacli  and  Gildemeister8  the  oil  of 
Eucalyptus  amygdalina  consists  principally  of  phellandrene. 

If  the  oil  diluted  with  twice  its  volume  or  petroleum  ether  be  treated  with 
a  concentrated  aqueous  solution  of  sodium  nitrite,  and  t.lir-n  acetii'  acid  be 
added  in  small  portions,  the  quantities  oF  phellandrene  nitrite  formed  are  so 
large,  that  often  the  entire  liquid  solidifies  to  a  imsty  mass. 

It  may  be  interesting  to  note  that  the  phellandrene  is  laevogyrate 
and  that  this  optical  modification  was  found  for  the  first  time  during 
the  investigation  of  this  oil. 

Cineol  is  present  only  in  small  quantities  in  the  amygdalina  oil. 
Its  presence  cannot  be  shown  by  the  hydrochloric  acid  reaction;  on  the 
other  hand,  its  hydrobromic  acid  addition  product  can  be  readily 
obtained  from  the  petroleum  ether  solution  of  the  oil.* 

255.    Oil  of  Eucalyptus  Rostrata. 

Eucalyptus  rostrata  Schlechtd..  indigenous  to  Australia  and  there 
distributed  from  South  Australia  to  northern  Queensland,  is  much 
cultivated  in  southern  France  ns  well  as  in  Algiers,  where  the  tree  is 
said  to  be  better  able  to  withstand  the  heat  than  E.  globulus.     The 

i)  Chemist  and  DniKKl.it.  r,*.  p.  «64.  "i  I-lehlRn  Annalen,  246.  p.  278. 
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yield  of  oil  from  fresh  leaves  amounts  to  only  0.1  p.  e.1  Tbe  oil  is 
yellowish  in  color  and  reminds  in  odor  of  the  oil  of  E.  odoratn. 
Sp.  gr.  0.912-0.925;  «D=-l°8'to  +13°.* 

It  is  soluble  in  2  parte  of  70  p.  c.  alcohol,  boils  according  to  Witt- 
stein  and  Muller  from  187°(?)— 181°  and  contains  valeric  aldehyde  and 
large  quantities  of  cineol,a  but  no  phellandrene.8 

256.  Oil  of  Eucalyptus  Populifera. 
Eucalyptus  populifera  Hook,  is  distributed  over  New  South  Wales, 

Queensland  and  North  Australia. 

The  bright  red  oil  smells  of  cajeput.1  It  contains  besides  cumiuic 
aldehyde  a  fair  amount  of  cineol.4 

257.  Oil  of  Eucalyptus  Corymbosa. 
Eucalyptus  corymbosa  Sm.  is  found  in  the  coast  districts  of  Sew 

South  Wales  and  in  northern  Queensland. 

According  to  Wittstein  and  Muller  the  oil  smells  slightly  of  lemon 
and  rose  (?)  and  has  a  bitter,  somewhat  camphor-like  taste.6  Sp.  gr. 
0.881.    According  to  Schiinmel  &  Co.  it  contains  much  cineol.* 

25S.    Oil  of  Eucalyptus  Resinifera. 

Eucalyptus  resinifera  Sm.  grows  in  New  South  Wales  and  Queens- 
land. According  to  Gladstone8  the  oil  consists  principally  or  a  hydro- 
carbon smelling  of  turpentine  oil;  Schimmel  &  Co.,  however,  found  in  it 
much  cineol.  An  oil,  coming  from  Portugal,  and  probably  obtained 
from  E.  resinifera,  had  the  sp.  gr.  0.89a,  and  the  rotatory  power 
od=  — 17°  8'.  It  was  not  soluble  in  70  and  80  p.  c,  alcohol  and  con- 
tained besides  cineol  (iodol  reaction)  also  phellandrene.7 

259.    Oil  of  Eucalyptus  Baileyana. 

Eucalyptus  Baileyana  P.  v.  Hull,  occurs  in  the  neighborhood  of 
Brisbane  in  Queensland.  The  fresh  leaves  yield  on  distillation  0.9  p.  c.B 
of  oil  of  the  sp.  gr.  0.940.  It  boils  from  160—185°  and  contains  about 
30  p.  c.  of  cineol." 

i)  MnliloD,  The  useful  native  plants  ol  Australia,  p.  278.     . 

»)  Wilkinson,  Vroc.  Roy.  Soc.  of  Victoria,  1808.  pp.  197.  198. 

b)  Bericht  von  S.  ft  Co.,  Oct.  1891,  p.  40. 

*)  Bericht  von  S.  ft  Co..  Apr.  1898.  p.  38. 

«)  Maiden,  loc.  clt.,  p.  266. 

«)  Journ.  Chem.  Hoc,  17,  p.  1;  Jahrexb.  f.  Cbemle.  1888,  p.  541. 

7)  Bericht  von  8.  ft  Co.,  Oct.  1898,  p.  28. 

8|  Bericht  von  8.  ft  Co.,  Apr.  1SM8.  p.  19. 
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260.    Oil  of  Eucalyptus  Mieroeorys. 

Eucalyptus  mieroeorys  F.  v.  Mull,  is  distributed   in   the   northern 

coast  districts  of   New   South  Wales   to  Cleveland  Bay  (Queensland). 

Yield  from  the  fresh  leaves  1—2  p.  c,  sp.  gr.  0.890—0.935.    The  oil  boils 

from  160—200°  and  contains  besides  terpenes  about  30  p.  c.  of  cineol.1 

261.    Oil  of  Eucalyptus  Risdonia. ;! 

Under  this  name  a  pleasant  and  mild  smelling  eucalyptus  oil  was 
introduced  in  1874  in  London.  Sp.  jrr.  0.915— 0.916;  aD  =  —i° 49'.  It 
contained  cineol  and  phellandrene.8 

262.  Oil  of  Eucalyptus  Leueoxylon. 
Eucalyptus  hnvoxylon  F.  v.  Miill.  (E.  sirieroxylon  A.  Cunn.)  grows 

iu  South  Australia,  Victoria,  New  South  Wales  and  in  southern  Queens- 
land. Bosisto*  reports  about  lp.  c.  of  oil,  but  remarks  that  the  leaves 
used,  for  its  preparation  had  lost  a  part  of  their  oil  through  heating. 
Odor  and  taste  are  said  to  be  similar  to  those  of  the  oil  from  E.  oleosa. 
Sp.  gr.  0.915—0.927;   Ml>=+0.5°  to  +2.7°.H 

263.  Oil  of  Eucalyptus  Hemiphloia. 
Eucalyptus  hemiphloia   F.  v.   Miill.   is   common   in  eastern   South 

Australia.  Victoria.  New  South  Wales,  and  in  southern  Queensland.  The 
reddish-brown  oil  contains  cineol  and  large  amounts  of  cuminic  aldehyde.6 

264.    Oil  of  Eucalyptus  Crebra. 

Eucalyptus  crebnt  F.  v.  Miill.  (Iron  Bark)  is  indigenous  to  the  coast 
districts  of  Queensland  and  New  South  Wales.  The  oil  is  light  yellow, 
very  similar  in  its  odor  to  the  oil  of  E.  globalns,  and  like  this  is  rich 
in  cineol.7 

265.    Oil  of  Eucalyptus  Macrorrhyncha. 

The  oil  of  the  leaves  of  Eucalyptus  macrorrhyncha  F.  v.  Mull,  a 
tree  known  in  New  South  Wales  as  red  stringybark 8  has  been  investi- 
gated by  Baker  and  Smith.0 


»>  Bericht  von  H.  *  Co  .  Apr.  1804,  p.  2il. 

*>  Maiden,  The  useful  native  plants  etc.,  p.  270. 

=  )  Wilkinson,  Proc.  Roy,  Sot.  ol  Victoria.  18t»8,  p.  IDS. 

•1   Bericht  von  S.  &  Co..  Apr.  1892,  p.  2S. 

')  Bericht  von  S.  &  Co.,  Apr.  1898.  p.  28. 

■)  In  Australia  the  (ollowlnjr  aperies  of  Eucalyptus  are  u'e«l(rnnted' 
5.  obllqa  Herlt.,  B.  6«f/ej-ann  P.  v.  Mail..  E.  macrorrhyncha  P.  r.  Mill 
*m„  E.  eiigentoldea  Sleb  ,  »nd  E.  fcattgata  Deane  et  Maiden. 

•  )  Journ.  and  Proc.  of  the  Royal  Bo*,  ol  N    S.  Wales,  S2,  p.  104. 
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They  obtained  by  distillation  a  yield  of  0.28—0.31  p.  e.  of  oil.  The 
oil  is  reddish-brown,  -has  the  ep.  gr.  0.024 — 0.927  at  22°,  and  begins  to 
boil  at  172°.  It  contains  a  trace  of  phellaudrene,  cineol,  and  the 
crystallized  eudesmol1  described  under  oil  of  E.  piperita  on  p,  538. 

266.  Oil  of  Eucalyptus  Capitellata. 

Baker  and  Smith3  suggest  the  name  of  brown  stringybark  for 
Eucalyptus  capitellata  Smith. 

The  leaves  yield  on  distillation  only  0.1  p.  c.  of  a  dark  red  oil  of 
the  sp.  gr.  0.9153  at  18°.    It  contains  cineol  and  a  trace  of  phellandreue. 

267.  Oil  of  Eucalyptus  Eugenioidea. 

Eucalyptus  eugeaioides  Sieb.  is  known  in  Australia  as  white  stringy- 
bark.  Baker  and  Smith *  obtained  from  the  leaves  0.68—0.79  p.  c.  of 
oil.  The  sp.  gr.  of  the  oils  of  two  distillations  was  0.907  and  0.908; 
[«]d=  +  3.7  and  +5.2°.    The  oil  contains  cineol,  bnt  uo  phellandrene. 

268.  Oil  of  Eucalyptus  Obliqua. 

Eucalyptus  obliqua.  Herit.  ■  is  found  in  the  southern  coast  district* 
of  New  South  Wales,  principally,  however,  in  Tasmania,  Victoria  and 
South  Australia.  Yield  0.5  p.  c.  A  reddish-yellow  oil  of  mild  odor  and 
bitter  taste;  sp.  gr.  0.899.    It  boils  from  171— 195° .8 

■  An  oil  obtained  in  Portugal  had  the  sp.  gr.  0.914  and  the  rotatory 
power  ud  =  —  7°  28'.  It  was  soluble  in  an  equal  part  of  80  p.  c.  alcohol 
and  contained  cineol  (iodol  reaction)  and  phellandrene*  (nitrite). 

269.  Oil  of  Eucalyptus  Punctata. 

The  tree  from  which  the  oil  was  obtained,  Eucalyptus  punctata  D.  C. 
(E.  tereticornia  Sra.  var.  brachycoris),  is  called  grey  gum  in  Australia, 
and  yields  besides  kino  a  useful  hard  wood.  It  is  found  in  the  coast 
districts  of  New  South  Wales,  of  Queensland  as  far  as  the  border  of 
Victoria. 

For  the  preparation  of  the  oil,  the  leaves  and  twigs  were  used. 
Altogether  nine  distillations  were  made  of  material  collected  in  different 
districts.  The  yield  varied  between  0.63  and  1.19  p.  c.  The  sp.  gr. 
was  between  0.9122  and  0.9205  at  17°.     Two  oils  were  laevogyrate 

>)  Journ.  and  i'roc.  of  the  Roy.  Soc.  of  N.  S.  Wales,  88,  p.  K6;  Berlrht  Ton  S.  *  Co., 
Apr.  1900.  p.  34. 

*)  Journ.  and  Proc.  ol  the  Rojal  Hop.  ol  S.  8.  Wales,  82.  p.  104. 
»)  Maiden.  The  uaetul  native  plants  «tc.,  p.  272. 
*)  Berltht  von  8.  &  Co.,  Oft.  1898,  p.  27. 
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([o]d — 0.92° and— 2.52°),  the  other  seven weredextrogyrate([a]D  +  0.54° 
to  4.44°).  A  sample  mixture  of  all  the  distillates  had  the  following 
properties:  sp.  gr.  0.915  at  16°,  [a]o  =  + 0.927°.  According  to  the 
phosphoric  acid  method  the  cineol  content  of  the  oil  was  from  46.4 — 64.5 
p.  c.    No  phellandrene  is  present  in  the  oil  of  E.  punctata.* 

270.    Oil  of  Eucalyptus  Loxophleba.. 

Eucalyptus  losophleba  Benth.*  is  called  by  the  people  York  gum, 
on  account  of  its  frequent  occurrence  in  the  vicinity  of  the  city  of  York. 
The  oil  has  a  highly  unpleasant  odor,  and  produces  fits  of  coughing 
when  inhaled.  Sp.  gr.  0.8828  at  15.5°;  angle  of  rotation  about  +  5°. 
Upon  distillation  the  following  fractions  were  obtained :  168—171° 
68  p.  c;  171—176°  14  p.  c;  176-182°  2  p.  c;  182—187°  8  p.  c; 
residue  8  p.  c. 

.  The  oil  contains  phellandrene  and  cineol.  The  amount  of  the  latter 
is  estimated  «t  15 — 20  p.  c.  On  shaking  with  bisulphite  the  oil  diminished 
in  volume  20  p.  c,  which  allows  of  concluding  that  a  considerable 
amount  of  aldehydes  and  ketones  is  present.  Amyl  alcohol,  of  which 
small  quantities  were  found  in  the  oil  of  t2.  globulus,  and  to  which,  no 
doubt,  are  partly  due  the  irritating  action  of  this  oil,  is  not  present. 

271.    Oil  of  Eucalyptus  Dextroplnea.. 

The  oil  of  Eucalyptus  dnxtropinen  Baker8  has  been  prepared  by 
Baker  and  Smith,4  as  has  also  the  oil  of  E.  laevopinea  Baker,  from  the 
fresh  leaves  of  these  trees.  Both  are  indigenous  to  New  South  Wales. 
The  yield  was  in  one  case  0.825,  in  another  0.850  p.  c.  The  deep  red 
colored  and  strongly  dextrogyrate  oil  has  the  sp.  gr.  0.8743—0.8763 
at  17°.  By  distillation  the  following  fractions  were  obtained :  156 — 162° 
62  p.  c.J  162—172°  25  p.  c. 

The  oil  consists  almost  entirely  of  d-pioene.*  The  main  fraction, 
finally  boiling  at  156—157°  had  the  sp.  gr.  }p  0.8629;  [a]u  =  +41.2° 
at  18°. 


')  Od  "Grey  Gum'"  {Baealrptoa  punctata  D.  Co,  particularly  Id  regard  to  Its 
essential  oil,  by  11.  T.  linker  F.  L.  3  and  H.  O.  Smith  P.  C.  8  ,  Technological  Museum, 
Sydney.  Joard.  anil  Proc.  ot  the  Royal  Society  of  N.  S.  Wale*,  SI,  p.  359;  Berlin  t 
von  8.  &  Co.,  Oct.  1*08,  p.  37. 

*)  Pbarm.  Jodtd.,  61,  p.  198.  ThU  article  hy  Parry  Rivei  Che  specie*  name 
an  toiophleba. 

")  The  .two  new  specie*  EncaJyptns  tlextropinea  and  E.  la*  r  op  lava,  bare  been 
described  by  Baker  In  Proc.  ol  the  Llnnean  Sor.  of  New  South  Wales,  37,  p.  414. 

»)  Jonrn.  and  Proc.  of  the  Royal  Hoc.  of  N.  8.  Wale*,  83.  p    IDS. 


byGoogle 


f>86  Special  Part-. 

For  the  identification  of  the  pinene  the  following  derivatives  were 
prepared:  pinene  nitrosochloride  (m.  p.  108°)  and  from  this  nitroso- 
pinene  (m.  p.  128 — 129"),  further  terpin  hydrate,  as  well  as  pinene 
monohydrochloride  (m.  p.  121— 124°). 

Besides  pinene  the  oil  contains  small  amounts  of  cineol,  which  was 
recognized  by  the  behavior  of  the  higher  boiling  fractions  toward  iodol 
and  bromine. 

272.    OH  of  Eucalyptus  Laevoplnea. 

From  the  fresh  leaves  of  Eucalyptus  laevopinm  Baker,1  silver  top 
stringybark,  Baker  and  Smith2  obtained  0.60  p.  c.  of  a  reddish  oil 
having  the  sp.  gr.  0.8732.  The  following  fractions  were  collected: 
157—164°  GO  p.  c;  164—172°  28  p.  c.  Just  as  the  foregoing  oil  con- 
sisted almost  entirely  of  d-pinene,  this  oil  consists  almost  entirely  of 
1-pinene.  The  fraction  boiling  at  157—158",  which  can  probably  be 
considered  as  fairly  pure  pinene,  iiad  the  sp.  gr.  0.8626  at  ,^,  and 
[a]D  =— 48.63°.  The  same  derivatives  of  the  pinene  were  prepared  as 
with  the  foregoing  oil.  This  oil  likewise  contains  only  small  amounts 
of  cineol.  « 

273.    Oil  of  Eucalyptus  Smithii. 

The  leaves  of  Eucalyptus  smithii  yield  on  an  average  1.353  p.  c.  of 
nil  which  contains  over  70  p.  c.  of  cineol.*  The  oil  contains  d-pinene. 
but  no  phellandrene.  The  eudesmol,  described  under  the  oil  of  Euca- 
lyptus pijwrita  on  p.  538  has  also  been  found  in  this  oil.8 

Second  Group:     OltronfUal-coiitaininjE  Oils. 

374.    Oil  of  Eucalyptus  Ma.cula.ta. 

The  spotted  gum-tree,  Eucalyptus  maealatu,  closely  related  to 
E.  citriotlora  Hook.,  grows  in  New  South  Wales  and  Queensland,  but 
has  also  been  transplanted  to  Ceylon  and  Algiers.  The  oil,  of  citronellal- 
like  odor,0  has  the  sp.  gr.  0.900,  boils  from  210—220°  and  cannot  be 
distinguished  from  the  following  oil. 


'I  According  to  Smith  almost  all  nl  the  olla  obtained  from  speeios  chisel?  related 
K.  globulus  contain  pinene,  mich  oa  the  olla  from  E.  brtdgMl&nn,  E.  gaalocAlyx,  i'tr. 

4)  Proc.  ol  the  Unreaii  Hoc  ul  N.  M.  Wale*,  18BB,  II,  p.  292;  Berlchl  top  R.  *  O 
Apr.  1900,  p.  24. 

0)  Jonrn.  and  Prcw.  ot  the  Roy.  Soc.  ot  X.  S.  Wales,  88.  p.  S8;  Berlchl  von  S  A  ft 
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275.    Oil  of  Eucalyptus  Citrlodora. 

Eucalyptus  citriodora  Hook,  is  probably  only  a  variety  of  E.  macu- 
late Hook,  and  is  for  this  reason  sometimes  designated  as  E.  maeulaUt 
Hook.  var.  citriodora.  The  tree  grows  best  in  stony  ground.  It  in 
indigenous  to  Queensland  and  has  also  been  planted  with  success  in 
India,  in  Zanzibar  and  on  the  Magdalene  River.1  The  leaves  are  distilled 
in  Gladstone  (Queensland)  and  give  in  the  fresh  state  1—1.5  p.  c,  in 
the  dried  state  3 — I  p.  c.  of  oil. 

The  oil,  distinguished  through  its  pleasant  citronellnl-like  odor,  is 
much  used  as  a  perfume  for  soap.  Sp.  gr.  0.N70— 0.905.  It  is  inactive 
or  slightly  dextrogyrate  (<jd  up  to  +  2°>  and  is  soluble  in  4  to  5  parts 
of  70  p.  c.  alcohol. 

It  consists  to  the  extent  of  H() — 00  p.  r.  of  citronellal,  CioHiaO. 
The  remainder  of  the  oil.  judging  from  the  odor,  consists  of  gerauiol 
and  citronellol.    Cineol  is  not  contained  in  it.a 

276.    Oil  of  Eucalyptus  Dealtmta. 

Eucalyptus  denllmtn  A.  Cunn.  (E.  vimihalis  Labill  ■)  grows  in  Tas- 
mania, South  Australia,  Victoria  and  New  South  Wales.  The  oil  has 
an  exceedingly  fine,  melissa-like  odor,  due  to  citronellal.  Besides  this 
there  is  present  another  body  of  pleasant  odor,  reminding  of  geranium 
(geraniol?).  The  oil  boils  from  206 — 21  <>°  and  has  the  sp.  gr,  0.871— 
0.885.* 

An  oil  of  E.  virninnlis  (no  author)  described  by  Wittstein  and  Miiller 
is  so  different  from  that  just  given,  that  it  is  impossible  that  it  should 
have  come  from  the  name  plant.  The  odor  was  unpleasant;  it  had  the 
sp.  gr.  0.921  and  bailed  between  159  and  182°,  that  is,  at  a  tem- 
perature at  which  the  oil  of  E.  dealbata  had  not  begun  to  boil." 

277.    Oil  of  Eucalyptus  Planchoniana. 

The  fresh  leaves  of  the  tree,  Eucalyptus  planchoniana  F.  v.  Mull., 
occurring  in  northern  New  South  Wales  and  in  southern  Queensland, 
yield  according  to  Staiger"  only  0.0C  p.  c.  of  volatile  oil.  it  has  a 
peculiar,  citroue  I  la-like  odor  and  the  sp.  gr.  0.915. 


»nd  21):  Apr.  IKlll, 
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Third  Group:     Citral -containing  Oils. 
278.    Oil  of  Eucalyptus  Staigeria.ua. 

Eucalyptus  staigeriana  F.  v.  Mull,  grows  in  northern  Queensland. 
Ita  leaves  yield  upon  distillation  2.76—8.36  p.  c.  of  an  oil,  smelling 
pleasantly  tike  lemon  and  verbena.  It  has  the  sp.  gr.  0.880—0.901  and 
boils   from  170—280°.    The  lemon-like  odor   ia  due  to  eitral,   which 

besides  terpenes  forms  the  principal  constituent  of  the  oil.1 

279.    OH  of  Backuoueia  Citriodora. 

Backhousia  citriodora  F.  v.  Mull,  is  indigenous  to  southern  Queens- 
land. The  leaves  yield  4  p.  c.  of  volatile  oil,  which  in  odor  and  proper- 
ties is  similar  to  the  foregoing  one,  and  appears  to  consist  almost 
entirely  of  eitral.    Sp.  gr.  0.900;  boiling  temperature  223— 238.* 

Fourth  Gronp:  Oils  with  a  Peppermint-like  Odor. 

280.    Oil  of  Eucalyptus  Haemastoma. 

Eucalyptus  haemastoma  8m.  is  distributed  trom  Dlawarra  (New 
South  Wales)  to  Wide  Bay  (Queensland).  From  the  fresh  leaves  1.8 — 
1.9  p.  c.  of  oil  are  obtained.  It  has  a  peppermint-like  odor,  but  at  the 
same  time  reminds  ol  geranium  and  cumin.  Sp.  gr.  0.880—0.890; 
boiling  temperature  170—250°.  It  contains  cineol,  terpenes  and 
probably  also  cumin  aldehyde  and  menthone.1 

281.    Oil  of  Eucalyptus  Piperita. 

The  oil  from  the  leaves  of  Eucalyptus  piperita  Sm.  was  already 
known  in  1788.  It  is  mentioned  on  page  260  of  White's  "'Journal  of  a 
Voyage  to  New  South  Wales."  The  name  peppermint-tree8  was  given  to 
this  plant,  on  account  of  the  great  similarity  of  the  oil  of  its  leaves 
with  that  of  peppermint  (Mentha  piperita),  which  grows  in  England. 

The  oil  has  recently  been  prepared  and  investigated  by  Baker  and 
Smith.*  The  leaves  and  twigs  yielded  on  distillation  0.78  p.  c.  of  oil. 
It  has  a  light  color  and  a  decided  peppermint-like  odor,  which,  however, 
becomes  fainter  even  after  several  weeks.  Sp.  gr.  0.909  at  17°; 
[«]d  = — 2.97°.    It  boils  between  170  and  272".     In  the  lower  boiling 

<)  Berlcht  von  8.  &  Co..  Apr.  1S8S.  p.  20. 
>)  Berlcht  von  9.  ft  Co.,  Apr.  1888,  p.  20;  Oct.  1888,  p.  IT. 

»)  Thin  tree  la  also  designated  Sydney  peppermint  In  order  to  distinguish  It  from 
(lie  white  and  brown  peppermint  tree,  the  E.  am.vgdsllaa. 

4)  Jo  urn.  and  Proc.  of  the  Royal  Soc  of  S.  8.  Wales.  81,  p.  IDS. 
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fractions  phellandrene  and  cineol  were  found.  From  the  fractions  boiling 
at  266 — 272°  there  separated  a  compound  in  weil  formed  crystals,  which 
was  called  eudesmol.  Eudesmol  boils  at  270 — 272°  and  melts  at 
74 — 75°.  Eudesmol  has  lately  been  subjected  to  a  more  thorough  study 
by  Smith.'  It  crystallizes  in  white  milky  needles  melting  at  79—80°. 
Its  analysis  corresponds  with  the  formula  CioHmO,  but  contains  neither 
an  hydroxy!  nor  a  ketone  group.  It  yields  a  dinitro  compound  melting 
at  90°  and  a  dibromide  melting  at  55 — 56°. 

Wilkinson8  found  for  an  oil  distilled  from  E.  piperita  the  sp.  gr. 
0.913  and  [«]D=  +  1.6°. 

Fifth  Group:    Oils  L«w  Known  ami  of  Indefinite  Odor. 
282.    Oil  of  Eucalyptus  Dlveralcolor. 

Eucalyptus  diversicolor  F.  v.  Mull,  grows  in  south-western  Australia, 
Ceylon  and  Algiers.    The  oil  has  the  sp.  gr.  0.024;  [«]D  =  +9.7°.a 

283.    Oil  of  Eucalyptus  Fisailia. 
The  oil  from  the  leaves  of  Eucalyptus  flssilisa  has  the  sp.  gr.  0.928 
and  is  optically  inactive.2 

284.    Oil  of  Eucalyptus  Goniocalyx. 

Eucalyptus  goniocalyx  F.  v.  Mull,  is  indigenous  to  Victoria  and 
New  South  Wales.  Yield  from  the  leaves  0.9  p.  c.  The  light  yellow  oil 
has  a  penetrating,  quite  unpleasant  odor  and  obnoxious  taste.  Sp.  gr. 
0.918-0.920;  [«]D  =— 4.8°;fl  boiling  temperature  152— 175°.* 

According  to  Smith1  the  oil  contains  eudesmol. 

285.    Oil  of  Eucalyptus  Gracilis. 

The  oil  of  Eucalyptus  gracilis  F.  v.  Mull.,  growing  in  Queensland, 
Victoria  and  south-western  Australia,  has  thesp.gr.  0.909;  [«]d=  +  9.30.5 

286.    Oil  of  Eucalyptus  Lehmannl. 
Eucalyptus  Lehmanni  Preiss.  occurs  in  south-western  Australia.    The 
oil  obtained  from  it  has  the  sp.  gr.  0.923;  [«]o=  +5.9°.a 

M  .loom,  and  Proc.  ot  the  Roy.  8oc.  of  N.  8.  Wales,  SB.  p.  86 ;  Bericnt  von  S.  &  Co., 
Apr,  1900,  p.  -2i. 

>)  Proa,  of  the  Royal  Soc.  of  Victoria,  1898,  p.  198. 

»>  According  to  Maiden,  Eucalyptus  Bmllla  F.  v.  MBit,  la  synonymous  with  E.  nm.v/r- 
diiltiia  I.ahllL.  the  oil  of  which  Is  strongly  laevogyrate.  Its  specific  gravity  also  does 
not  agree  with  that  obtained  by  Wilkinson  from  E.  Unallls. 

*)  Maiden,  The  useful  native  plants  etc..  p.  208. 

■)  Wilkinson.  Inc.  rlt.,  p.  197. 
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287.    Oil  of  Eucalyptus  Longifolia. 
Eucalyptus   longifolia   Lk.   ia   distributed   in  Victoria  and    in    New 
South  Wales  as  far  as  Port  Jackson.    The  oil  is  viscid,  has  an  aromatic 
cooling  taste  and  camphor-like  odor.    Sp.  gr.  0.940 ;  boiling  temperature 
194—21. I0.! 

288.    Oil  of  Eucalyptus  Occidental  is. 

The  leaves  of  Eucalyptus  occideiitalis  Endl.  growing  in  south-western 
Australia  give  an  oil  of  the  Pp.  gr.  0.9230;   [«]d=  +2.7°. a 

289.  Oil  of  Eucalyptus  Pauclflora. 

Eucalyptus  paucittora  Sieb.  is  found  in  Tasmania,  Victoria  ami 
New  South   Wales.     The  oil  of  the  leaves  has  the  sp.  gr.  0.894— 0.920 : 

[«]D-  +  6to  +17°.* 

290.  Oil  of  Eucalyptus  Stuartiana. 

Eucalyptus  stnnrtiann  F.  v.  Miill.,  distributed  from  Tasmania  to 
Queensland,  contains  a  golden  yellow  oil,  smelling  strongly  of  cyniene. 
but  not  of  cineol.*    Sp.  gr.  0.917— 0.932;   [«]D=— 7°  to  —  1G".S 

291.  Oil  of  Eucalyptus  Tereticornis. 

Eucalyptus  tereticornis  Sin.  or  red  gum  is  found  in  Victoria  anil 
Queensland,  and  contains  a  red  oil,  of  a  difficultly  definable  odor. 
reminding  somewha.t  of  zedoary  root.    It.  contains  no  cineol.3 

292.  Oil  of  Eucalyptus  TesBellaris. 

Eucalyptus  tessellaris  F.  v.  Miill.  {E.  viminalis  Hook,  f.),  Morton 
bay  ash.  grows  in  South  Australia.  New  South  Wales  to  North  Australia. 
The  dark  brown  oil  has  an  entirely  distinct  balsamic  benzoin-like  odor. 
It  contains  no  cineol.8 

293.    Oil  of  Eucalyptus  Dawsonl. 

Eucalyptus  dawsoui,  called  slaty  gum,  was  recognized  as  a  separate 
species  by  Baker.4  The  yield  of  oil  amounted  to  only  0.172  p.  c.  It" 
sp.  gr.  was  0  9414  at  15°.  The  oil  contains  no  cineol,  but  much  pliel- 
landrene.    Its  principal  constituent  appears  to  be  a  sesquiterpene. 


i>  Maid* 

n.  The  ustful  native  plants  etc..  p.  370. 

a>  WILkl 

non.  Pror.  Roy.  8oc.  ol  Victoria,  1SHB.  p.  198. 

t  von  S.  4  Co.,  Apr.  1898,  p.  28. 

*>  Froc. 

ol  the  Llnnean   Soc.  ol  K.   S.   Wales,    1899,    II,  p.  292 
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294.    Oil  of  Eucalyptus  Camphora, 
The  leaves  of  Eucalyptus  camphora,  known    an    Ballon  or   swamp 
gum,  give  an  average  yield  of  0.398  p.  c.  of  oil.     Sp.  gr.  0.916.      It 
contains  pinene,  rineol  and  much  eudesmol.1 

295.    Oil  of  Chervil. 

By  the  distillation  of  the  fresh  fruit  of  garden  chervil,  Authriscus 
eerefoliam  Hoffm.  (Ch&erophyHam  sativum  Lam.,  Family  Umbelliferae) 
Charobot  and  Pilbt*  in  1899  obtained  0.0118  p.  c.  of  a  light  yellow 
oil  of  an  anise-like  odor,  reminding  of  estragon.  It  consists  principally 
of  methyl  chavicol.  On  treating  the  oil  with  alcoholic  potassa,  u  net  hoi 
(m.  p.  20—21°)  was  formed,  which  was  converted  into  anisic  aldehyde 
by  oxidation. 

Gutzeit8  in  1875  had  distilled  the  unripe  chervil  fruit  and  obtained 
from  10  k.  27  g.  of  oil.  He  showed  the  presence  of  ethyl  and  methyl 
alcohol  in  the  distillation  water. 

296.    Oil  of  Coriander. 

Oleum  Corlandrl,  —  CorlanderM.  —  Essence  de  Corltndre, 
Origin  and  History.  The  coriander  plant,  Conundrum  sativum  L. 
(Family  Umbetliferjte),  cultivated  in  many  countries  and  in  nearly  all 
climates,  was  used  as  a  kitchen  spice  even  Iwfore  the  Christian  Era. 
As  such,  coriander  fruit  is  mentioned  several  times  in  Sanscrit  writings, 
in  the  Bible  and  in  later  Roman  writings.  Coriander  fruit  has  also 
been  found  in  old  Egyptian  monuments  of  the  tenth  century  B.  C. 
among  other  still  recognizable  offerings. 

Coriander  is  also  mentioned  among  the  useful  plants  recommended 
for  cultivation  by  Charlemagne,  but  it  appears  to  have  received, 
as  with  the  Arabians,  so  also  with  the  Germans  in  the  middle  ages, 
only  slight  consideration.  Tlie  fruit  is  again  mentioned  in  the  medical 
and  distilling  books  of  the  sixteenth  century,  although  it  had  been 
employed  now  and  again  as  a  kitehen  spice. 

The  distilled  oil  of  coriander  appears  to  have  been  first  obtained 
by  Porta  in  the  sixteenth  century.  In  the  price  ordinances  of  spices, 
the  oil  is  first  included  in  that  of  Berlin  of  1574  and  Frankfurt-on-the- 
Main  of  1587  and  in  the  1589  edition  of  the  Dispensatorium  Noricum. 

i]  to  footnote  4  on  p.  340.  ■)  UfdIr'h  Anoalen,  ITT,  p.  882. 
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Coriander  oil  was  investigated  in  1785  by  Haase,  in  1885  by 
Trommsdorff,'  in  1852  by  A.  Kawalier*  and  in  1881  by  B.  Grosser.* 
A  true  insight  into  its  composition,  however,  was  brought  about  by 
the  investigations  of  Semmler  (1891)  and  of  Barbier  (1898). 

Preparation.  Coriander  oil  is  distilled  from  the  fruit*  which  has 
been  crushed  between  rollers.  For  the  preparation  on  a  large  scale, 
only  the  coriander  from  Moravia,  Thuringia  arid  Russia  is  used,  the 
yield  being  0.8—1.0  p.  c.B  Only  in  cases  of  necessity  is  the  fruit  of  other 
districts,  which  are  all  much  poorer  in  oil,  used.  Of  these  may  be 
mentioned:  French  (yield  about  0.4  p.  c),  Dutch  (0.6  p.  e.)  and  Italian 
(0.5  p.  c.)  coriander.  Still  less  oil  is  given  by  the  large  grained  Morocco 
fruits,  namely  0.2—0.8  p.  c  while  the  East  Indian  Trait  with  only 
0.15 — 0.2  p.  c.  gives  the  lowest  yield. 

The  exhausted  and  dried  fruit  is  used  as  cattle  food.  It  contains 
11—17  p.  c.  of  proteids  and  11—20  p.  c.  of  fat  (Uhlitrach,«  1893). 

Properties.  Oil  of  coriander  is  a  colorless  or  slightly  yellowish 
liquid  of  a  characteristic  coriander  odor,  and  an  aromatic,  mild  taste. 
Sp.  gr.  0.870—0.885;  *D  =  +  8  to  +13°.  The  oil  is  soluble  in  3  parts 
of  70  p.  c.  alcohol  at  20°. 

Composition.  Through  the  investigations  of  Kawalier3  a  body  of 
the  formula  CioHisO  was  recognized  as  the  principal  constituent  of  the 
oil.  The  alcoholic  nature  of  this  compound  was  later  shown  by  Grosser.8 
Semmler7  in  1891  designated  it  as  coriandrol  and  found  that  it  was  a 
chain  compound  belonging  to  the  so-called  "oleflnic  camphors."  Burbier" 
in  1893  showed  that  linalool  and  coriandrol  had  the  same  physical 
properties  with  the  exception  of  being  opposite  in  rotation,  and  that 
they  were  also  completely  alike  in  their  chemical  behavior.  Both  yield 
on  oxidation  the  same  aldehyde  viz.  citral,  split  off  water  in  the  same 
manner,  and  can  be  converted  by  proper  treatment  into  geraniol.  For 
these  reasons  coriandrol  must  be  considered  as  the  dextrogyrate 
modification  of  linalool, 

For  the  investigation  of  the  terpene"  contained  in  coriander  oil,  the 
more  volatile  portion  coming  over  on  rectification  by  steam  distillation 

i)  Archiv  d.  Pnarm.,  112,  p.  114. 

»)  Lleblnt'H  Annaleo.  S4.  p.  851;  Jouro.  for  prakt.  Ctiem.,  3«,  p.  326. 

*)  Rerlchte,  14.  p.  2485. 

*]  The  umbelllferoti*  IrultH  are  commonly,  thi 

>)  A  yield  of  1.1  p.  c,  an  reported  by   Eck  I 

never  been  obtained  on  a  large  scale, 

•)  Die  land  wlrthsch a( t lichen  Venue huetatlone 

T)  Berichte.  24,  p.  200. 

•>)  Compt.  rend..  116.  p.  1460. 

»)  Bericht  Ton  S.  &  Co..  Apr.  18B2.  p,  11. 
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was  repeatedly  fractionated  with  the  use  of  a  distilling  column.  A 
fraction  boiling  between  156  and  160°  was  obtained.  It  has  the  sp.  gr. 
0.861  and  aD  =  +32°42'.  The  nitrosochloride  gave  with  benzylamine 
pinene  nitrol  benzyl  a  mine  melting  at  123 — 12-4°.  According  to  this  the 
terpene  of  coriander  oil,  the  amount  of  which  is  about  5  p.  c,  is  d-pinene. 

As  a  mixture  of  pinene  with  linalool  has  by  no  means  the  odor  of 
coriander  oil,  another  body,  at  present  unknown,  must  be  contained  in 
the  oil,  to  which  is  due  the  specific  coriander  odor. 

Examination.  Coriander  oil  is  often  adulterated  with  orange  or 
turpentine  oil.  These  additions  are  readily  recognized  by  the  specific 
gravity  and  the  rotatory  power.  The  solubility  test  with  70  p.  c. 
alcohol  is  also  very  serviceable  for  detecting  adulterations;  oils  which 
do  not  form  a  clear  solution  with  this  solvent  are  to  be  rejected. 


In  order  to  make  a  study  of  the  changes  which  the  oil  undergoes 
iu  the  ripening  process  of  the  plant,  Schitnmel  &  Co.1  distilled  coriander 
at  different  stages  of  its  growth.  First  of  all  the  fresh  iloweriug  herb 
was  distilled  with  the  roots  immediately  after  being  collected.  The  plant 
in  this  condition  had  a  highly  disagreeable,  stupefying  bed-bug  odor. 
Later,  when  the  herb  was  half  ripe  and  had  already  begun  to  go  to 
seed,  the  second  distillation  was  untertaken.  The  bed-bug  odor  was 
less  prominent  and  the  true  coriander  odor  was  more  noticeable.  As 
the  herb,  when  the  fruit  is  ripe,  is  nearly  devoid  of  odor,  only  the  ripe 
fruits  were  used  immediately  after  harvesting. 

1)   Oil  from  the  fresh,  flowering  plant. 

Yield  0.12  p.  c.  ■  Sp.  gr.  0.853.  Not  soluble  in  70  p.  c.  alcohol. 
Highly  unpleasant  bed-bug  odor.  After  2%  months  the  sp.  gr.  had 
iniTeased  to  0.856.  The  angle  of  rotation  (which  had  at  first  not  been 
determined)  amounted  to  + 1°  2'.  The  bed-bug  odor  had  almost  entirely 
disappeared ;  the  compound  appears,  therefore,  to  have  suffered  poly- 
merization or  to  have  been  changed  or  inverted  in  some  other  way.1 

2)  Oil  from  the  fresh,  half  ripe  coriander  herb  with  fruit, 
Yield  0.17  p.  c.    Sp.  gr.  0.866;   «D=  +  7°10'.    Soluble  in  8  parts 
of  70  p.  c.  alcohol.    The  odor  is  coriander-like  accompanied  by  a  slight 
bed-bug  odor.    After  one  month  the  sp.  gr.  had  risen  to  0.869. 

>)  Berlcht  von  H.  ft  Co..  Oct.  1895,  p.  12. 
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H)  Oil  from  ripe  coriander  fruit  distilled  immediately  after 
the  harvest. 
Yield  0.83  p.  c.    Sp.  gr.  0.876;   aD=  + 10°48'.    Soluble  in  3  parts 
of  70  p.  c.  alcohol.    True  coriander  odor. 

297.    Oil  of  Cumin. 
Oleum  Cnmlnl.  —  Cunihiul.  —  Essence  ile  Cumin. 

History,  Origin  ani>  Preparation.  The  Roman  or  mother  caraway 
of  the  orient,  Cummum  cyminum  L  has  been  used  together  with  the 
common  caraway  as  a  spice  in  autiquity.  Both  have  been  often  con- 
tused, the  one  with  the  other  and  also  with  the  seeds  of  the  black 
caraway,  Nigellu,  in  literature.  They  were  used  in  England  toward  the 
end  of  the  thirteenth  century  and  in  Germany  in  the  fifteenth  century. 

The  volatile  oil  of  cumin  is  included  in  the  price  ordinances  of  Berlin 
for  lo74,  of  Frankfurt  for  1582,  and  in  the  1589  edition  of  the 
Disi>ensatorium  Noricum. 

Oil    of  oumin    is   distilled   from    the   seed    of  the  Roman  caraway. 
Syria,  Morocco,   Malta  and  East  India  are  of  commercial  interest    as 
places  of  production.    The  individual  varieties  gave  according  to  deter- 
minations in  the  manufacture  on  a  large  scale  the  following  yields : 
Maltese  cumin   B.5        percent 

Morocco  "        3  " 

East  Indian       '"        3 — 8.5        " 
Syrian  "       2.5 — 4       " 

Properties.  Oil  of  cumin  is  at  first  a  colorless,  later  a  yellowish 
liquid,  of  the  unpleasant  bug-like,  but  characteristic  odor  of  cumin,  and 
an  aromatic,  somewhat  bitter  tn-ete. 

The  specific  gravity  of  the  oil  distilled  from  cumin  from  the  levant, 
is  0.01—0.03.  With  an  East  Indian  oil,  as  well  as  with  two  oils  of 
unknown  source,  the  density  was  found  to  vary  from  0.893 — 0.899; 
aD  =  +  4  to  +  8°. 

The  solubility  varies  as  much  as  the  specific  gravity,  which  rises 
and  falls  with  the  amount  of  cumic  aldehyde  in  the  oil.  The  heavy 
oils  dissolve  in  8  parts  of  80  p.  c.  alcohol,  the  lighter  oils  require  as 
much  as  10  parts  of  this  solvent. 

Composition.  Cumic  aldehyde,  or  cuminol l  is  the  constituent  to 
which  cumin  oil  owes  its  odor  and  its  more  prominent  properties. 
Cymene  and  a  terpene  CinHm  accompany  this  aldehyde  in  the  oil. 

i)  In  accordance  with  the  aldehyde  character  o!  thin  siibatance  it  should   be  deafer- 
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Gerhardt  and  Cahours 1  in  1841  separated  the  hydrocarbons  from 
the  oxygenated  constituents  Tor  purposes  of  investigation  by  distilling 
the  oil  with  caustic  potassa.  The  aldehyde  was  thereby  changed  to 
cumic  acid  and  comic  alcohol  and  was  at  the  same  time  retained  by 
the  alkali.  Bertagnini*  in  1853  found  that  euminol  combined  with 
sodium  bisulphite  and  thus  recognized  its  aldehyde  nature.  This  gave 
at  the  same  time  a  rational  way  for  the  preparation  of  the  body  in  a 
pure  form.  According  to  Kraut8  (1854)  the  lower  boiling  portions  are 
distilled  off  and  the  residue  shaken  with  sodium  bisulphite.  After 
standing  24  hours  the  thick  mass  iB  expressed  and  decomposed  by 
distillation  with  soda  solution  or  dilute  sulphuric  acid. 

Cumic  aldehyde,  CioHiaO,  has  the  sp.  gr.  (1.972  at  13°  (Kopp,* 
185.")),  boils  at  109.5°  under  IS. 5  mm.  pressure,  at  232°  under  760 
raw,8  and  is  optically  inactive. 

The  presence  of  a  terpene  in  cnrain  oil  boiling  at  156°  and  having 
the  sp.  gr.  0.865  at  15°  was  first  shown  by  Warren8  (1865)  and  later 
confirmed  by  Beilstein  and  Kupfer7  (1873).  Wolpian8  (1896)  prepared 
the  terpene  in  its  purest  form.  He  found  the  boiling  point  157—158° 
under  768  mm.  pressure,  sp.  gr.  0.8604,  rtD=  +  25°25'.  His  attempts 
to  prepare  a  crystallized  derivative  and  thus  to  identify  the  hydro- 
carbon with  one  of  the  known  terpenes,  were  fruitless.  He  believed, 
therefore,  to  have  found  a  new  terpene  which  yielded  only  liquid  com- 
pounds and  gave  it  the  name  of  hydrocuminene.  In  order  to  justify 
such  assumptions,  much  stronger  proofs  are  necessary  then  the  almost 
exclusively  negative  results  of  Wolpian. 

The  second  hydrocarbon  of  cumin  oil  is  cymene,  the  identity  of 
which  with  cymene  from  camphor  as  well  as  that  obtained  from  other 
volatile  oils  was  shown  by  Beilstein  and  Kupfer,  and  also  by  Wolpian. 

298.    Oil  of  Celery  Seed. 

Oleum  ApU  Urnvenlenti*  Seulnl*.— Selleriewiinenol.— Essence  de  Sentences 
de  Cclcrl. 
Origin  and  Properties.      The  volatile  oil  which    is  present,  in    all 
parts    of    the    celery    plant.    Apiam    graveoiene   L.,    is    especially    well 


1)  Lleblg'K  Anna 
■  )  TJebin's  Anna: 
■I  Lleblg'i  Anna  I 
*)  Lteblff'a  An  n  a  I 
9}  AniKhQti&Kel 
ver minder tom  Dnick. 


I.  88,  p.  70.  »)  Zi'ltnrhr.  f.  Coerale.  I.  p.  867. 

i,  S3,  p.  275.  7i  LlebU'B  Annalen,  170.  p.  2B2. 

I.  92.  p.  an.  •)  I'hnnn.   Zeltuchr.   I.    Rural.,    8.1 

I,  94,  |i.  817.  pp.  97.  118,  129.  14B.  181. 
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represented  in  the  fruit,  somewhat  sparingly,  but  still  in  quantities 
sufficient  for  preparation,  in  the  green  herb,  while  the  roots  give  an 
aromatic  water  upon  distillation,  but  no  oil. 

By  distillation  with  w»ter  vapor  about  2.5—3  p.  c.  of  a  very  mobile 
and  colorless  oil  are  obtained  from  the  seed.  It  smells  and  tastes 
strongly  of  celery,  has  a  sp.  gr.  of  0.870— 0.895  and  «d  = +67  to +79°. 

Composition.  Celery  oil  consists  of  about  90  p.  c.  of  hydrocarbons. 
In  an  investigation  in  the  laboratory  of  Schimmel  4  Co.  a  traction 
boiling  constant  at  176—177°  was  obtained,  the  rotation  of  which  was 
aD=  +  107°.  By  the  action  of  bromine  a  solid  bromide  was  formed 
which  melted  at  105°.  According  to  this,  d-limouene1  is  a  constituent 
of  celery  oil.  Other  terpenes,  it  appears,  are  not  present,  in  any  case. 
pinene  is  excluded,  as  nothing  came  over  before  170°  when  distilled. 
This  is  of  interest,  as  adulteration  with  turpentine  oil  can  now  be 
readily  recognized. 

The  amount  of  the  oxygenated  constituents  to  which  are  due  the 
celery  odor  is  very  small  compared  with  the  terpenes.  Sometimes  a 
separation  is  effected  during  distillation,  in  that  the  heavier  portions 
settle  at  the  bottom  of  the  receiver.  Usually,  however,  no  heavy  oil  is 
obtained.  This  is  only  difficultly  volatile  with  water  vapor  and  there- 
fore often  partially  remains  as  residue  in  the  still  when  the  oil  is 
rectified. 

Such  a  residue,  as  well  as  the  so-called  heavy  oil  was  used  by 
Ciainician  and  Silbera  in  1897  for  their  investigations.  They  found  the 
following  compounds : 

1)  Palmitic  acid;  2)  a  phenol  possessing  the  properties  of  guaiacol: 
3)  a  second  phenol,  white  needles,  melting  at  60—67°,  of  the  com- 
position CieHsoOa;  4)  a  liquid  boiling  from  262  to  269°,  probably  a 
sesquiterpene ;  R)  sedanolid,  a  lactone  CibHisOb.  It  boils  at  185°  under 
a  pressure  of  17  mm.  The  corresponding  oxy  acid,  sedanolic  acid 
CiaHaoOa,  melts  at  88—89°  and  is  easily  changed  to  sedanolid.  From 
the  oxidation  results  it  follows  that  sedanolic  acid  is  o-oxyamyl-JMetra- 
hydrobenzoie  acid.  6)  Sedanonic  acid  anhydride.  CiaHmOi.  Sedanonic 
acid,  CiaHiaOs.  is  an  unsaturated  ketone  acid  (m.  p.  113°).  o-valeryl- 
J'-tetra  hydro  benzoic  acid.  Sedanolid  and  the  anhydride  of  sedanonic 
acid  are  to  be  considered  as  the  constituents  giving  the  characteristic 
odor  to  celery  oil.  Their  constitution  is  shown  by  the  following 
structural  formulas : 
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Sedaiiolid  Sedmionic  acid  anli vili-iriiv 

299.    Oil  of  Celery  Leaves. 

Oleum  Apll  OraveolentlB  Follornm.— SelleriebiatteriH.  —  Essence  de  Potillles  de 
Ceierl. 

The  oil  prepared  from  the  fresh  herb1  (yield  about  0.1  p.  c.)  has  a 
strong  odor  of  the  fresh  celery  leaves.  It  is  very  fluid  and  of  a  greenish- 
yellow  color,  has  the  sp.  gr.  0.848— 0.850  at  15°,  the  rotatory  power 
«u=+48  to  +52°  and  is  soluble  to  a  clear  solution  in  lit  parts  of 
90  p.  (!.  alcohol. 

300.    Oil  of  Parsley. 
Oleum  Petrosal!  ni.—  Petei-KHletisaiuenol.—  Essence  de  Persll. 

Origin  and  History.  Parsley,  Petroaelinuni  sativum  Hoffm.  {Apium 
petroselinuin  L.,  Caram  l&troselinnm  Benth.  et  Hook. )  (Family  I'mbelli- 
feme),  was  originally  indigenous  to  the  Mediterranean  countries  and  to 
Asia  Minor,  but  is  cultivated  as  a  spice  in  nearly  all  moderate  climates. 

Distilled  parsley  water  was  during  the  time  oE  the  distilled  waters  a 
much  used  remedy  and  is  often  described  in  the  distilling  books  of  the 
fifteenth  and  sixteenth  centuries. 

Distilled  oil  of  parsley  does  not  appear  to  have  come  into  use 
until  about  the  middle  of  the  sixteenth  century.  It  is  first  mentioned  in 
the  drug  ordinances  of  Frankfurt-on-the-Mahi  of  liiH7and  later  in  the 
1589  edition  of  the  Dispensatorium  Noricura. 

The  apiol  contained  in  the  oil.  and  crystallising  out  at  a  low 
temperature,  was  observed  as  early  as  1715  by  Link,  apothecary  in 
Leipzig,3  and  in  174.">  by  Walther.8 

The  oil  from  the  fresh  herb  and  the  fruit  was  prepared  by  Pabitzky4 
in  1754.  Further,  the  oil  and  the  crystals  separated  from  it  were 
mentioned  by  Dehne8  in  1778,  by  Bolle**  in  1*29  and  by  Btey*  in  1827: 

i)  Berlcbt  von  St.  A  Co.,  Oct.  1S9S.  p.  3». 

')  Saniniluufc  von  Nninr  and  Medkln,  wie  alien  von  Knnut-  and  LI  item  tnrxmchlth  - 
ten.     LelptlK  and  Rudissln,  1710. 

*)  De  oleli  vi.xBtaMlium  (wsentlaKbus.     Dhmertatlo.     Lelpils.  1743.  p.  17. 

*1   Braunach  Hrelger  Aunjiger.  1734,  p.  1  liOS. 

•  )  CreU'a  ebemiaehca  Journal.  177S.  I.  p.  40. 

•>  Arrblv  d.  PhariD..  3tt.  p.  ISM. 

»)  Trommsdorff'a  Nfum  Joura.,  14,  II,  p.  134. 
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The  first  elementary  analysis  of  the  "parsley  camphor"  was  made  by 
Blanche t  and  Sell1  in  1838.  It  was  further  investigated  by  LSwig  and 
Weidmann*  in  1H39. 

Preparation.  The  volatile  oil  contained  in  all  parts  of  the  plant 
is  particularly  well  represented  in  the  fruits.  These  give  upon  distillation 
2— 0  p.  c.  of  oil,  which  is  simply  designated  in  commerce  as  parsley  oil 
or  parsley  seed  oil. 

Properties.  A  colorless,  yellowish  or  yellowish-green,  thick  liquid. 
the  odor  of  which,  in  spite  of  any  similarity,  is  quite  different  from 
that  of  the  herb.  It  has  the  sp.  gr.  1.05—1.10  anil  is  slightly  laevo- 
gyrate.  The  oil  from  German  seed  is  usually  so  rich  in  apiol,  that  it  is 
half  solid  at  ordinary  temperature.  French  seeds,  however,  give  an  oil 
much  poorer  in  apiol. 

Composition.  Apiol  can  be  considered  as  the  principal  constituent 
of  parsley  oil.  It  has  been  studied  by  v.  Gerich,ten8  in  1870,  by  Gins- 
berg* in  1888  and  Ciamician  and  Silber"  in  1888  and  later.  The  some- 
what complicated  stnirture  of  the  compound  was  almost  completely 
cleared  up  by  the  two  last  named  investigators.  It  only  remains  to  be 
decided,  which  of  the  two  formulas  proposed9  belongs  to  the  apiol 
from  dill  oil  aud  which  to  the  a.pio1  from  parsley  oil. 

Apiol,  C12H1-1O4,  melts  at  S0°  and  boils  under  ordinary  pressure  at 
29+°,  under  a  pressure  of  83—84  mm.  at  179°.  It.  contains  an  allyl 
group,  which  is  changed  to  the  propenyl  group  by  boiling  with  alcoholic 
potassa.    The  resulting  isoapiol  melts  at  ">">— 56°  and  boils  at  304°. 

By  the  oxidation  of  isoapiol  is  formed:  1)  Apiolaldehyde,  CioHmOr,, 
small  needles  melting  at  102°.  2|  Apiolic  acid,  CioHioOn,  m.  p.  175°. 
3)  Apiolketonic  acid,  CiiHiiiOt,  crystallizing  in  long,  yellow  needles, 
which  melt  at  1(>0— 172°. 

The  terpene  fraction  of  parsley  oil  boiling  at  KiO— 1G4°  "  has,  accord- 
ing to  v.  Gerichten  the  sp.  gr.  O.80.1  at  12°  and  the  angle  of  rotation 
in  a  100  mm.  tube  —  30. 8Q.  By  conducting  into  it  hydrochloric  acid 
no  solid  hydrochloride  was  obtained  immediately;  by  diluting  with 
alcohol  and  pouring  on  a  large  surface  one  was  obtained  in  small 
quantity  melting  at  llo— 110°.  According  to  this  it  is  probable  that 
l-pinene  is  a  constituent  of  parsley  oil. 

i)  LlebU'H  Annalen,  «.  p.  H01.  >1  Berlchte.  21,  pp.  918.   1631;    22,   p 

»l  IJeblR-H  Annnlen,  32,  p.  2S8.  24W1;  2B,  p.  2288. 

31  Berlihte,  9,  pp.  258.  1477.  *)  These  are  mentioned  under  dllT  oil. 

»>  Berirhte.  2t,pp,  11112,  2514;  ibirt..  ')  Urunllna-    <Dlw*rtatton,     StmwtbnrK. 

2J),  p.  828.  1ST9I  (ouinl  the  boiling  point  ot  the  terpene 
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301.    Oil  of  Parsley  Root. 

The  root  of  parsley  contains  only  very  little  oil.  According  to 
Schimmel  &  Co.1  the  yield  on  distillation  from  the  dry  root  wan 
0.08  p.  o.,  from  the  fresh  0.05  p.  c. 

The  oil  had  the  sp.  gT.  1.04!)  and  separated  crystals  even  at  the 
ordinary  temperature  {probably  apiol). 

302.  Oil  of  Parsley  Leaves. 

The  yield  of  oil  obtained  by  distillation  from  fresh  parsley  herb 
amounts  to  only  O.Oli— 0.08  p.  e.» 

Properties.  Oil  of  parsley  leaves  is  very  fluid  and  of  a  greenish 
yellow  color.  It  has  the  full  odor  of  fresh  parsley  which  is  cnly  slight 
in  the  oil  from  the  seed.    Sp.gr.  0.900— 0.92T. ;  uD=+-0°ltt  t.i+3°10'. 

The  oil  distilled  at  68—170°  under  a  pressure  of  12  mm.;  the 
principal  part  boiled  from  78— 9B°.  By  means  of  Zeisel's  methoxyl 
determination  made  on  the  fractious  which  corresponded  to  the  boiling 
point  of  apiol.  it  was  ascertained,  that  only  small  quantities  of  this 
body  were  contained  in  the  oil. 

303.  OU  of  Water  Hemlock. 

The  fruit  as  well  as  the  root  of  the  poisonous  water  hemlock.  Cimtii 
virosa  L..  contain  volatile  oil. 

Oil  of  the  fruit.  Trapp8  obtained  from  the  fruit  collected  in  the 
autumn  and  dried,  by  distillation  1.2  p.  c.  of  an  almost  colorless,  quite 
fluid  oil,  lighter  than  water  and  having  the  odor  and  taste  of  Roman 
caraway  oil. 

By  shaking  with  sodium  bisulphite  solution  a  solid  compound  was 
obtained  which  had  the  composition  of  cuminal  hydroxy  sulphonate  of 
sodium.  The  oil  not  acted  upon  by  the  -bisulphite  solution  consists  of 
eymene ;  by  treatment  with  fuming  sulphuric  acid  cymene  sulphonic  acid 
was  obtained. 

The  oil  of  the  fruit  of  water  hemlock  contains  therefore  the  same 
constituents  as  the  Roman  caraway  oil  from  Vumionm  cymitium  L.. 
cumic  aldehyde  and  cymene. 

Oil  of  the  root.  The  roots  yield  on  distillation  0.124— 0.36B  p.  c. 
of  an  oil  smelling  of  water  fennel  and  celery  and  having  the  sp.  gr.  0.870 
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at  18°.  It  ia  entirely  different  from  that  of  the  fruit,  an  it  contains 
neither  cymeue  nor  cumic  aldehyde.  Upon  fractional  distillation  a 
dextrogyrate  terpene  boiling  at  166°  "cieutene"  was  isolated.  By  con- 
ducting hydrochloric  acid  into  cieutene  a  hydrochloride  was  formed, 
which  solidified  when  cooled.  Cieutene  is  probably  not  an  individual 
hydrocarbon,  but  rather  a  mixture  of  several  terpenes  (pinene  and 
phellandrene?). 

The  oil  from  the  root  of  the  water  hemlock  was  formerly  considered 
as  poisonous.  That  this  is  not  the  case  was  shown  by  Simon.1  who 
experimented  on  animals. 

304.    OH  of  American  Water  Hemlock. 

The  fruit  of  the  poisonous  plant,  Cicuta.  maculate,  L.,  widely  dis- 
tributed in  North  America,  gives  on  distillation  (Glenlc2)  3.8 — 4.8  p.  c. 
of  an  oil  smelling  like  Chennpodium  antlwlminticnm  and  having  the 
sp.  gr.  0.840—0.855.  The  larger  part  boils  between  176  and  183°  and 
consists,  as  is  seen  from  the  elementary  analysis  of  the  two  fractions 
170—178.5°  nnd  178—183°,  of  terpenes. 

305.    Oil  of  Caraway. 

Oleum  Carvi.— Kttmmelul.—  Essence  de  Carrl. 

Origin  and  Histohv.  The  caraway  plant,  C&rum  cttrri  L.  (Family 
UmbeUifer&e),  is  cultivated  largely  in  Europe  and  Asia'. 

Distilled  oil  of  caraway  is  first  mentioned  in  the  price  ordinances  of  ' 
Berlin  for  1574  and  that  of  Frankfurt  for   1589,   as   well   as  in   the 
1589  edition  of  the  Dispensatorium  Norieum. 

Preparation.  If  all  the  oil  contained  in  the  caraway  is  to  be 
extracted,  it,  like  all  other  seeds,  must  be  crushed  between  rollers  before 
distillation.  The  crushed  fruit  must  be  distilled  at  once,  as  a  great  loss 
of  oil  is  experienced  by  exposure  to  the  air.  At  the  beginning  of  the. 
distillation  considerable  quantities  of  sulphuretted  hydrogen  are  liberated. 
The  cause  of  this  has  not  yet  been  satisfactorily  explained.  This 
phenomenon,  which  also  takes  place  with  a  few  other  umbelliferous 
seeds  has  been  noticed  as  early  as  1823  by  Planche.8.  Schimmel  &  Co.* 
have  found  methyl  alcohol,  furfurol  and  diacetyl  in  the  distillation  water. 
Acetaldehyde  is  also  liberated  in  large  quantities  during  the  distillation. 

i)  UeblR'a  Almalen.  81.  p.  «S8;  eomp.  kIbii  l'hurm.   RiiiKlnrhaii,  18,  p.  108. 

»)  Amer.  Jo  urn    Pharoi..  6B,  p.  880:  Stroop.  Ibid.,  «S.  p.  386. 

■  )  Trommadoririi  Neun  Journal.  T.  I,  p.  839. 

*)  Berlcht  von  8.  &  Co.,  Oct.  18'JS»,  p.  82. 
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The  modern  distilling  apparatus  (fig  48  on  p.  79)  will  hold  about 
2,500  k.  of  caraway,  which  yields  ita  oil  completely  in  6—8  hours. 
Formerly  it  was  customary — and  is  even  done  now  and  then  at  the 
present  time  —  to  die-til  caraway  in  the  uucom minuted  state.  The 
exhausted  seeds  are  dried,  and  used  in  cheese  manufacture  or  for  pur- 
poses of  adulteration.  Of  course,  the  seeds  are  not  entirely  deprived  of 
their  oil  by  this  treatment,  and  the  yield  of  oil  is  therefore  less,  which 
is,  however,  more  than  counterbalanced  by  the  sale  of  the  dried  seeds. 
Caraway  which  has  been  exhausted  by  distillation,  is  distinguished  from 
the  fresh  seed  by  its  darker  color,  by  the  very  faint  odor  and  taste, 
and  the  shrivelled  appearance  of  the  seed.  Under  the  microscope,  the 
broken,  empty  oil  cells,  and  the  torn  upper  layers  of  cells  can  be  seen 
in  a  cross-section. 

The  exhausted,  comminuted  caraway  is  also  dried  in  special 
apparatus1  and  then  used  as  a  cattle  food,  which  is  highly  prized  for 
its  nourishing  qualities.  According  to  a  series  of  analyses  made  at  the 
Royal  Saxon  Agricultural  station  at  Mockern,*  dried  caraway  fodder 
contains  20—23.5  p.  c.  of  crude  protein  (of  which  75—85  p.  c.  is 
digest  able)  and  14  to  16  p.  c.  of  fat. 

The  yield  of  oil  varies  according  to  the  source  of  the  seeds.  Schim- 
mel  &  Co."  found  as  an  average  the  following  yields  for  the  different 
commercial  varieties: 

Bavarian,  wild 6,5—7     p.  c. 

ij-:  iiiiiii.  cultivated II. 5— 5        " 

Fiuuisb.  wild 5    —6 

i.,ih.  inii 4.5  " 

HmHian,  wild 6    —7 

Dutch,  culiivated 4    —6.5     '■ 

Moravian 4  " 

Norwegian,  wild 5    —6.5      " 

East  Frisian R.5— 6        " 

hunt   I'm*-  ,u..   i-i:  ii,-»i»! 6    — 5.5      " 

Russian,  wild 8.«— a.6     " 

Swedish,   wild 4    —6.5     " 

Stvrian 6 

TyrolesH,  wild  6.5 

Wfiritrmbvt-K.  wild 5.5—6       " 

The  Dutch,  .Norwegian  and  East  Prussian  are  the  commercial 
varieties  principally  used  for  distillation.     The  caraway   cultivated   in 

i)  Muipratt-Stobmann,  Technlsche  Chemlu.  4th  ed.,  vol  1,  p.  B9. 
i)  Uhlltuch,  Die  landwIrtDMhaltllcbea  VeranchMtntlonen.  43.  p.  48. 
*)  Berk-ht  tod  3.  ft  Co..  Apr.  1897,  Suppl.  p.  30. 
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other  placid  ol  northern  Germany,  is,  in  spite  of  its  fine  appearance. 

not  suitable  For  oil  distillation,  on  account  of  the  low  yield. 

How  extremely  large  the  consumption  of  caraway  is  in  Germany  is 
seen  from  the  following  figures.1 
Imported  through  Hamburg: 

1886. 

Prom  tbe  Netherlands 1,081.900  kilos 

"     Norway 41,000    " 

"      France 14,500    " 

Further  import  irom  tbe  sea 13,400    " 

By  rail  and  from  the  upper  Kibe 105,700    " 

Toral....v 1,886.500  kilos 

Add  to  this : 

Import  to  Germany  by  rail  via  Urouiufreu....       816,600  kilos 
2.153,100  kilos 
Of  thin  came  from  Holland : 


Total 1,978,500  kilos 

a  quantity  equivalent  to  39,57(1  bales  or  fully  60  p.  c.  of  the  yield  of 
a  normal  Dutch  harvest.  Several  thousand  hales,  which  werp  trans- 
ported  to  Austria,  are  indeed  included  in  these  figures.  These  are. 
however,  more  than  compensated  for  by  the  caraway  grown  in  Germany 
itself.  The  consumption  of  the  Leipzig  factories  is  probably  not  over- 
estimated at  10,000  to  12,000  bales  per  year. 

As  to  profit,  the  yield  is  not  the  only  factor  that  comes  into  con- 
sideration, but  the  quality  of  the  oil  as  well.  This  depends  largely  on 
its  carvone  content,  which  is  indicated  by  the  specific  gravity  of  the 
oil.  It  might  happen,  that  the  distillation  of  a  consignment  of  caraway 
with  a  lesser  yield  of  oil  of  high  specific  gravity  would  be  more  profitable 
than  that  of  another  of  higher  yield  but  lighter  oil. 

For  the  preparation  of  carvone  (car vol.  Oleum  Cnrvi  of  the  German 
Pharmacopoeia),  the  caraway  oil  is  either  fractionated  in  a  vacuum 
or  with  water  vapor.  The  fractions  from  the  sp._  gr.  0.960  on  are 
collected  separately  as  carvone.  The  limonene  (carvene)  obtained  as  a 
by-product  has  the  up.  gr.  0.850  and  is  used  as  a  cheap  soap  perfume. 

Properties.  Normal  caraway  oil  is  a  colorless  liquid,  becoming 
yellowish  in  time,  of  a  caraway  odor  and  mild  spicy  taste.    The  sp.  gr. 
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lies  between  0.907  and  0.915.  Oik  of  lower  sp.  gr.  rarely  occur  and 
are  lees  valuable,  as  they  contain  lees  carvone.  Its  optical  rotation  «d 
is  +70  to  +80°.  Specific  gravity  and  angle  of  rotation  are  in  inverse 
ratio. 

Oil  of  caraway  is  but  sparingly  soluble  in  70  p.  c.  alcohol,  but 
yields  clear  mixture*  with  9—10  volumes  of  80  p.  c.  alcohol  as  well  as 
with  an  equal  volume  of  90  p.  c.  alcohol.    It  boilB  from  175  to  230°. 

Can-one  or  carvol  (Oleum  Carvi  of  the  German  Pharmacopoeia )  has 
the  sp.  gr.  0.963— 0.966  and  the  rotation  «D=  +57  to  60°.  The 
advantage  of  carvone  over  caraway  oil  lies,  aside  from  its  greater 
intensity  of  odor  and  taste,  in  its  ready  solubility  in  dilute  alcohol. 
It  is  miseilile  in  all  proportions  with  90  p.  c.  alcohol.  At  20°,  l%—'2 
parts  of  70  p.  <■.  alcohol,  and  16—20  parts  of  50  p.  c.  alcohol  are 
sufficient  for  complete  solution.  The  solubility  in  50  p.  c.  alcohol  is  a 
good  criterion  of  the  purity  of  the  carvone,  as  carvone  containing 
2  p.  c.  of  limonene  will  not  dissolve  clearly  in  20  parts  of  50  p.  e. 
alcohol. 

Caraway  oil,  and  especially  carvone,  is  colored  yellow  by  exposure 
to  the  air.  The  oil  becomes  thereby  more  viscous  and  of  a  higher 
specific  gravity. 

If  1  ix.  of  each  a  carvone  be  dissolved  in  an  equal  volume  of  alcohol  and  a 
few  drops  of  a  very  dilute  solution  of  ferric  chloride  be  added,  a  red  dish -violet 
coloration  will  be  produced  which,  however,  vanishes  on  the  further  addition 
of  ferric  chloride. 

Freshly  distilled  oil  does  not  give  this  reaction.  This  reaction  may 
perhaps  be  due  to  the  formation  of  a  phenol  by  the  decomposition  of 
the  carvone.1  The  proof,  however,  that  a  phenol  is  indeed  formed,  is 
still  wanting. 

Composition.  Vi>lckela  in  1840  recognized  that  caraway  oil  was  a 
mixture  of  two  bodies,  an  oxygenated  body  and  one  free  from  oxygen. 
The  carrier  of  the  caraway  odor,  and  therefore  the  most  important 
constituent,  is  oxygenated.  It  has  the  composition  C10H14O  and  was 
formerly  called  carvol;8  Wallach.*  however,  in  1893  changed  the  name 
to  carvone  in  order  to  express  the  ketone  nature  of  the  compound. 

Pure  carvone,  liberated  from  its  hydrogen  sulphide  addition  product, 
has  the  sp.  gr.  0.964  and  the  specific  rotatory  power8  [<j]d  =  +  62.07° 

■)  Archlv  d.  Pharm..  222,  p.  863.  Journ.,  III.  2.  p.  746:  Jahreab.  I.  ('hem.. 

I)  UebU'*  Annalen.  BR.  p.  SOS.  1872.  p.  810. 

■1  LlebU'a  Annalen,  8S,  p.  246.     Glad-  *)  L1ebl(t's  Annalen,  27T.  p    107. 

■tone,  Journ.  Cbeni.  Sen-.,  33,  p.  1 ;  Pbarm.  a)  Archlv  d.  Pharm..  Sill.  p.  2SS. 
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and  boils  at  229 — 230°  (thermometer  completely  in  the  vapor).  Good 
caraway  oil  contains  50 — 60  p.  c.  of  carvone.  For  the  chemical  behavior 
and  derivatives  of  oarvone  see  page  100. 

The  hydrocarbon  of  caraway  oil  boiling  at  175°  and  called  carvene 
by  Schweizer.1  is.  according  to  Wallach's*  investigation,  d-limonene 
(tetrabromide,  m.  p.  104 — 105°). 

The  odor  of  the  carvene  obtained  by  fractionation  is  quite  different 
from  that  of  pure  limonene.  It  can  be  changed  to  the  characteristic 
lemon-like  odor  of  limonene  by  removing  the  last  traces  of  carvone  by 
means  of  the  acetate  of  phenyl  hydrazine  and  then  shaking  the 
preparation  repeatedly  with  a  dilute  solution  of  potassium  per- 
manganate. 

Examination.  Caraway  oils"  are  often  met  with  in  commerce  from 
which  part  of  the  valuable  carvone  has  been  removed.  On  the  other 
hand  under  the  designation  "carvone"  are  found  oils  from  which  a 
part-,  but  not  all  limonene  has  been  removed. 

Such  products  are  readily  recognized  by  their  abnormal  specific 
gravity.  In  judging  carvone  its  solubility  in  ">0  p.  c.  alcohol  is  also  to 
be  considered. 

The  carvone  content,  and  thus  the  value  of  a  caraway  oil,  can  be 
calculated  from  its  density,  by  taking  the  specific  gravities  0.964  for 
carvone  and  0.8-iO  for  limonene  as  a  basis. 

If  h   in  tin;  i-pttittc  gravity   of  the  oil    investigated,   h  the  spwittc  gravity 
of  one  ol  the  components  (limonene),  and  c  the  difference  of  the  s|iecilic  gravity 
of  carvone  (0.9U4!  and  limonene  (0.850),  tile  amount  of  the  other  component 
(carvone)  x  in  percent  a  is  given  by  the  following  formula: 
_    «— b.100 

This  method  of  determination,  which  is  sufficient  for  practical 
purposes,  rests  on  the  assumption,  that  carvone  and  limonene  are  the 
only  constituents  of  caraway  oil. 

An  adulteration  often  found  is  that  with  alcohol,  which,  moreover, 
gives  the  impression  that  the  consumer  has  under  consideration  a 
readily  soluble  oil,  especially  suited  for  the  liquor  manufacture.  For 
this  reason  the  specific  gravity  determination  and  the  teat  for  alcohol 
should  never  be  neglected.  • 

For  the  direct  determination  of  carvone  in  volatile  oils,  Kramers 
and  Schreiner8  have  recommended  a  method  in  which  the  carvone  is 

..  24,  p.  25T.  •)  Pharm.  Review,  14,  p.  78, 
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converted   into   its  oxime,  and  separated  from  the  terpen*   by  steam 
distillation.    The  method  is  as  follows: 

To  a  solution  of  10  g.  of  the  oil  to  be  tested  in  25  cc.  of  alcohol  is  added 
5  g.  of  hydroxy!  a  mine  hydrochloride  (in  case  more  than  50  p.  c.  of  carvone  is 
supposed  to  be  present,  the  amount  of  hydroxylamine  is  correspond i ngl j 
increased)  and  0.5  g.  of  sodium  bicarbonate  and  the  mixture  boiled  on  a  water 
bath  in  a  flask  connected  with  a  reflux  condenser  for  Jj  hoar.  25  cc  of  water 
are  then  added  and  the  alcohol,  which  carries  over  a  large  quantity  of  limonene, 
is  distilled  off  from  a  water  bath.  Steam  is  then  passed  slowly  through  the  liquid 
until  traces  of  carvoxime  come  over.  In  order  that  these  are  not  lost  for  the 
determination,  the  last  portions  of  distillate  are  collected  separately  in  test- 
tubes,  and  when  traces  of  crystals  of  carvoxime  appear  on  the  surface  the 
distillation  is  interrupted.  The  tube  of  the  condenser  is  then  washed  with  a 
little  hot  water  and  this,  a*  well  ss  the  last  collected  distillate,  containing 
some  carvoxime.  returned  to  the  flask.  When  thoroughly  cold  the  solidified 
carvoxime  is  collected  on  a  force  filter,  washed,  and  dried  by  suction.  The  air- 
dried  carvoxime  is  then  transferred  to  a  tared  glass  evaporating  dish  and 
heated  for  one  hour  on  a  water-bath,  and  when  cool  weighed.  To  the'  weight 
thus  obtained  0.1  g.  is  added  as  this  is  about  the  qnautit.v  lost  daring  the 
heating.  The  weight  of  oxime  found  gives  by  multiplying  by  the  factor  0.9088 
the  amount  of  carvone  present. 

It  is  to  be  regretted  that  this  method,  which  can,  perhaps,  be 
improved,  gives  only  approximate  results.  In  order  to  determine  the 
extent  of  the  error,  Schimmei  &.  Co.1  prepared  mixtures  of  pure  carvone, 
prepared  from  its  hydrogen  sulphide  addition  product,  with  carefully 
prepared  limonene,  and  found  differences  of  nearly  7  p.  c.  between  the 
found  and  the  real  carvone  content: 

A  50  p.  c.  mixture  gave  43.18  p.  c.  carvone. 
"  25     "  ■'  "'     19.36     " 

"  12.5 "  "  "        8.54     " 

The  source  of  error  lies  in  that  the  exact  point  at  which  the  distil- 
lation is  to  be  interrupted,  is  difficult  to  determine.  Moreover,  a  mix- 
ture of  oxime  and  limonene,  which  remains  liquid  for  some  time,  goes 
over  and  is  lost'for  the  determination,  before  crystals  are  noticed  on 
the  distillate. 

The  details  of  this  method  have  been  more  carefully  studied  and  the 
above  results  refuted  by  Kramers.3 

Walter8  has  also  based  a  method  on  the  action  of  liydroxylamine 
on  carvone.  He  treat*  the  oil  with  hydroxyl amine  and  determines  the 
excess  by  titration  with  iodine.  The  applicability  and  accuracy  of  the 
method  can  not  be  judged  from  the  available  abstract, 

'1  Berlrht  von  S.  A  Co.,  Oct.  lfiftS,  p.  49.        »)  Cbem.  Zeitnnjr.  Repert.,  28.  p.  264. 
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In  order  to  flee  in  what  succession  the  formation  oT  the  individual 
constituents  of  caraway  oil  takes  place  in  the  plant,  Schiramel  &  Co.' 
distilled  earn  way  plants  at  different  stages  of  growth  and  examined  tin- 
oils  obtained. 

Oil  No.  1.  From  long  cut,  fresh  plants,  partly  in  bloom  mid  partly 
in  seed.    8p.  gr.  0.882;  nD  at  17°  1.48306;  «d  =  +  <>5012'. 

Oil  No.  2.  From  fresh  plant*  of  the  same  cutting,  but  after 
removing  the  inflorescence  and  fruits.  8p.  gr.  about  O.HS  (not  accurately 
determined  as  the  amount  was  small):  nu  at 17°  1.3088;  «d=  +  20°3I>'. 

Oil  No.  H.  From  fresh  plants  in  an  advanced  state  of  development, 
but  in  which  the  seeds  were  not  yet  fully  ripe.  Sp.  gr.  0.91M-;  iiu  at 
17°  1.48825;  «d=  +  «8°6'. 

Oil  No.  2  had  an  odor  reminding  but  slightly  of  caraway;  it  con- 
tained neither  carvoue  nor  limonene  in  amounts  that  could  be  detected. 

The  small  specimen  for  examination  was  only  sufficient  to  make  n 
boiling  point  determination.  The  boiling  began  at  195°,  the  thermometer 
rose  rapidly  to  230°  and  about  65— TO  p.  c.  distilled  over  between 
230  and  270°.    A  resinous  residue  remained  in  the  flask. 

The  oils  No.  1  and  3.  which  are  comparable,  as  they  were  both 
distilled  from  the  whole  herb,  show  a  considerable  difference  in  their 
specific  gravities.  The  fractional  distillation  of  both  gave  the  following 
results : 

No.  1".  No.  a. 


175—178°  45.0 
178— 185°  21.0 

percent 

[  24.1  percent. 

185—190°     4.5 

),,,    •■ 

190—220°      5.6 

220-285°     4.8 

46.6       " 

235-240°     6.4 

5.5       '■ 

240—270°     9.2 

[     6.0        " 

iidtie  and  loss     3.5 

The  distillation  residue  of  both  oils  solidified  to  a  crystalline  mass 
and  contained  besides  resinous  products  a  hydrocarbon,  probably 
belonging  to  the  paraffin  series,  crystallizing  from  hot  alcohol  in  while 
scales  melting  at  (54°. 

The  differences  Iwtweeu  the  oils  are  at  once  apparent.  While  tlie 
terpene  fraction  is  the  larger  in  No.  1  and  the  earvone  fraction  com- 
paratively small,  this  is  quite  large  in  No.  8.  It  was  possible  to  obtain 
from  the  entire  earvone  fraction  of  the  first  oil  only  about  0,2  g.  of 

1}  Berictit  von  8.  &  Co..  Oct.  1S1I6.  p.  47. 
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pure  crystallized  carvoxime,  which  speaks  for  the  low  rarvone  content 
of  the  oil.  On  the  other  hand  the  corresponding  fraction  of  No.  -i  gave 
carvoxime  in  good  yield. 

The  result  of  the  fractional  distillation  indicates  that  the  carvone 
content  of  the  oil  is  the  lower,  the  more  undeveloped  the  caraway  plant 
is  when  distilled ;  it  is  highest  in  the  oil  distilled  from  ripe  material. 
The  reverse  is  true  lor  the  terpene  content.  According  to  this  it  seems 
probable,  that  the  terpene  is  first  formed  in  the  plant  and  from  this 
the  oxygenated  constituent. 

In  both  oils,  the  fraction  boiling  from  24(1  to  270°  contains  a  body 
of  quite  high  specific  gravity,  which  is  absent  in  normal  caraway  oil. 
This  compound,  which  does  not  possess  the  properties  of  a  phenol,  and 
gives  with  ferric  chloride  no  color  reaction,  has  not  been  prepared  in 
a  pure  state,  and  its  relations  to  the  other  constituents  of  the  oil  are 
unknown. 

306.    Oil  of  Ajowan. 

Origin  and  History.  Carum  ajowan  Benth.  et  Hook.  (Ptyehotia 
ajowan  D.  0.)  is  an  annual  belonging  to  the  Umlwffiferae,  and  is  culti- 
vated in  India  from  Panjab  to  Bengal  and  the  South  Deean.  It  also 
grows  in  Egypt,  Persia,  and  Afghanistan.  The  grayish- brown  fruits 
are  similar  to  those  of  parsley  but  are  distinguished  from  these  by  their 
rough  surface  aud  different  odor.  The  ajowan  seeds  found  in  Europe 
are  almost  exclusively  of  Indian  source  and  enter  commerce  from 
Bombay.  Marwar  in  Rajputana  is  reported  as  the  principal  Indian 
market.  The  plant  is  called  in  India  Ajwan,  Ajwain  or  Omam.  The 
thymol  crystals  separating  from  the  oil  are  known  in  the  bazaars  as 
Ajwan  Karphul,  that  is,  flower  of  ajowan.  The  thymol  as  well  as  the 
distillation  water  {Omam  water)  are  used  medicinally  in  India,  especially 
in  cholera. 

Ajowan  oil  mixed  with  fatty  oil  is  used  medicinally  like  ajowan 
water  in  India. 

Preparation.  The  comminuted  fruit  yields  it— 4  p.  c.  of  oil  by 
distillation.  The  exceedingly  large  amount  of  fat  in  the  distilled  and 
ilried  seeds,  ma.kes  them  very  good  fodder  for  cattle.  They  contain 
1.1—17  p.  c.  of  protein  and  25— 82  p.  c.  of  fat  (Uhlitzsch1). 

Properties.  Ajowan  oil  is  an  almost  colorless  or  brownish  liquid  of  a 
decided  thyme  odor  and  a  sharp,  burning  taste.  Sp.  gr.  0.900— 0.980; 
it  is  slightly  dextrogyrate. 

iTNiK'hristntfonen,  42,  |>.  52. 
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Composition.  In  Europe,  ajowan  oil  is  distilled  exclusively  for  tlie 
preparation  of  its  principal  constituent,  thymol,  of  which  it  contains 
45-55  p.  c. 

Thymol,  CioHnO,  was  found  in  the  oil  by  Haines1  and  Stenhouse* 
almost  simultaneously  in  1H55— 56.  It  crystallizes  in  part  from  the  oil 
and  can  be  completely  separated  by  shaking  with  sodium  hydrate 
solution. 

The  remaining  part  of  the  oil.  about  one  half,  consists  of  hydro- 
carbons, which  are  sold  in  commerce  under  the  name  of  thymene  as  a 
soap  perfume. 

Thymene  is  a  mixture  of  cy ratine,1  and  a  terpene  boiling  at  172°, 
but  not  further  investigated.2  Thymene  is  the  cheapest  source  for  the 
preparation  of  cyniene. 

307.    Oil  of  Anise. 
Oleum  AdIrI.— AnisSl.  —  Essence  a'Anls. 

Origin  and  History.  The  anise  plant,  FimpiiwI/a  nnisuui  L.  |  Family 
Umhelliferae)  comes  originally  from  the  orient,  but  is  now  cultivated  in 
nearly  all  parts  of  the  world.  The  European  market  is  principally 
supplied  by  Russia.  Germany.  Scandinavia,  Bohemia,  Moravia.  France. 
the  Netherlands  and  Spain.  The  greater  part  of  this  anise  seed  is  use<1 
for  distillation  for  the  preparation  of  anise  oil  and  nnethol. 

Distilled  oil  of  anise  has,  on  account  of  its  property  to  solidify,  no 
doubt  been  noticed  as  long  as  anise  lias  been  used  for  the  preparation 
of  anise  water.  The  distillation  of  the  oil  has,  however,  been  first 
described  in  the  works  of  Brunschwig,  Lonicer.  Ryff,  Gesner,  Rubeus  and 
Porta.  Valerius  Cordiis  in  15411  called  attention  to  the  ready  solidifi- 
cation of  the  oil.  Nearly  a  century  later  Robert  Boyle  again  desml>ed 
the  "butter-like"  solidification  of  anise  oil. 

Anise  oil  is  mentioned  in  medical  books  and  ordinances  first  in  the 
Pharraacopcea  Augustana  of  1580,  the  Dispell  sat  orium  Noricum  of  1589. 
and  the  Berlin  ordinance  of  Matthaeous  Flacco  of  1574. 

The  first  accurate  investigations  of  anise  oil  were  undertaken  by 
Saussure8  in  18211,  by  Dumas*  in  1888.  by  Blanchet  and  Sell5  in  1833. 


)  Jonrn.  Clietii.  Sue.  8,  p.  28Hi  Jahrmb.  d.  Chem..  1856.  p.  622. 

>  LleblR'H  Aunalen.  9H,  |>,  USD:  OH,  p.  SOU. 

)Ann.  de  Chlm.  ft  Ptiyg..  II.  in.  p.  281);  Sch  iveffiger'*  .IcmniHl  I. 
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Cahours1  in  1841,  by  A.  Laurent*  and  Gephardt8  in  1842.  Gerhardt 
called  the  stearoptene  of  anise  oil  anethol  and  Cahours  again  pointed 
out  the  identity  of  the  jtearoptenps  of  anise  and  fennel  oils,  previously 
recognized  by  Blanehet.* 

Production.  The  anise  used  for  distillation  comes  at.  present 
principally  from  Russia.  The  cultivation  is  particularly  carried  on  in 
the  gouverneraents  Woronesh,  (districts  Waleysk,  Birjutschensk  and 
Ostroy),  Kursk,  Charkow,  Chersson,  Podolia  and  Taurida, 

A  part  of  the  anise  is  used  for  the  preparation  of  the  oil  at  the 
place  of  production,  the  rest  is  for  home  consumption  and  export.  The 
average  export  for  the  last  10  years  amounted  to  150,082  puds  valued 
at  453,721  rubels  per  annum.  The  suburbs  Krassnaja  and  Alexejewskaja 
(gouvernement  Woronesh)  are  the  commercial  <«nters  for  anise.  The 
cultivation  is  principally  done  by  the  peasants. 

Anise  oil  was  produced  in  Russia  in  1893  to  the  value  of  10"), 500 
rubels.6 

The  yearly  average  of  anise  exported  from  Russia  during  the  years 
1882—1891  amounted  .to  187,000  puds8  at  a  value  of  285,000  rubels. 
The  increase  during  this  interval  of  time. is  interesting:7 

Ex|K»rt  1882,     6SU>00  puds,  value  169,000  rubels 
■■       1OT1.  176,000     -  -      504,000     " 

One  desjntine8  usually  yields  50  puds  and  under  favorable  conditions 
of  weather  as  much  as  100  puds  of  anise,    If.  however,  the  weather  is 
cloudy  and  rainy  at  the  time  of  blossoming,  the  yield  sinks  to  20—25  puds. 
The  harvest  in  Russia  was  estimated  in  1896  at  4.380,000  kilos. 
The  exports  of  the  different  anise  cultivating  countries  in  1890  was 
as  follows: 

(  Export  over  Liban 722,600  kilos 

I        "        "      Riga 896,000    " 

Levant  "       from  Chios 400,000    " 

a     ■       /        "         "     Cadiz 24.200    " 

pal"     |        "         -      Malaga 102,000    " 

Bulgaria. 402,468    " 

■  >  Lleblft'a  Annalen,  41,  p.  56;  n«.  p.  ITT. 

»)  Ibidem,  44,  p.  818. 

>)  Ibidem.  44.  p.  818:  48.  p.  284;  Jonrn.  I.  prakt.  Uhem.,  8«,  p.  267. 

*>  Lleblg'x  ADnalen.  41.  p.  74. 

S)  W.  J.  Kowalakl,  Die  Produktli-krfiftr  Rowlands.  German  edition  by  E  Davidson. 
Lelpilft,  1898.  p.  822. 

•>  1  Pod  =  ltt.875  k. 

I)  From  "OdurlferoQH  plants  and  volatile  [>ll«,"  a  book  In  the  Russian  lanftuajte  by 
A.   Bainrott  and  N.  Monteverte. 

»>  1  Desjatlne  —  109.2S  Ar  =  2.«8  acres 
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Preparation.  The  odor  and  taste  of  anise  seed  is  due  to  its 
volatile  oil.  They  yield  their  oil  only  completely  when  they  are  distilled 
in  a  comminuted  condition.  The  yield  obtained  from  the  different 
commercial  varieties  is  seen  from  the  following  table : 

Chilian  anise Yield   1.9— 2.B  u.  c. 

Italian  (Bologna)  "     "       8.5  ■■ 

"        ('-pnglieser")     »     "       2.7-3.0      " 

Macedonian  "     "       2.2 

Moravian  "    "      '2 A — .1.2 

Mexican  "    "      1.9—2.1     '* 

Kant  Prussian  "     "       2.4  " 

Itussian  "    "       2,4—3.2     " 

Spanish  "    "       3.0  " 

Syrian  "    "       1.5—8.0     " 

Thnriiipaii  "    "      2.4 

The  rather  marked  differences  in  yield  are  not  always  due  to  the 
differences  in  the  seeds  themselves,  but  more  often  to  the  accidental  or 
intentional  admixture  with  stems,  other  seeds,  earth  and  small  stones, 
sometimes  amounting  to  30  p.  c.  In  Russia  and  Moravia,  earthy 
particles,  very  similar  to  anise  in  size  and  color  are  said  to  be  especially 
manufactured.  They  are  readily  recognized  and  separated  when  a 
xample  of  the  seeds  is  treated  with  chloroform  or  a  concentrated 
solution  of  salt  in  a  test-tube.  The  seeds  will  rise  to  the  surface, 
whereas  the  earth  particles  settle  at  the  bottom.  The  amount  of 
inorganic  admixture  can  be  determined  by  means  of  an  ash  deter- 
mination.    Pure  anise  gives  7 — 10  p.  c.  of  ash. 

The  distilled  anise  is  dried  in  special  apparatus  >  and  sold  as  fodder 
for  cattle,  for  which  purpose  it  is  highly  valued  on  account  of  its  high 
protein  and  fat  content.  According  to  analyses  made  in  the  Royal 
Saxon  Experiment  Station  at  Mockern.  the  anise  residues  contain 
17—1!)  p.  c.  of  protein  and  16—22  p.  c.  of  fat  (Uhlitzsch*). 

It  might  be  metioned  that  during  the  distillation,  sulphuretted 
hydrogen  is  given  off. 

Properties.  Anise  oil  is,  at  medium  temperature  (above  20c).  a 
mlorless,  highly  refractory  liquid  of  characteristic  odor,  and  pure, 
intensely  sweet  taste.  In  the  cold  it  solidifies  to  a  snow-white, 
•■rystalline  mass,  which  begins  to  melt  at  1")°  and  becomes  completely 
liquid  at  J!) — 20°.  The  oil  can  under  certain  conditions  be  cooled  far 
below  its  solidification  point,  without  becoming  solid  and  can  be  kept 

I)  M u»< yratt- Sto h mann,  TerhnLxche  Chemle,  4th  ed.,  vol.  I.  p.  BB. 
')  Die  1  ai  nl  w  I  rthiich  aft  lichen   VerBuch -station  en.  42.  p.  20. 
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for  a  long  while  in  this  over-cooled  condition.  The  falling  in  of  a 
particle  of  dust,  touching  with  a  crystal  of  anethol,  a  sharp  agitation, 
or  scratching  of  the  walls  of  the  flank  with  a  glass  rod,  produces  a 
sudden  solidification  of  the  entire  mass,  with  considerable  rise  in 
temperature,  the  thermometer  rising  up  to  the  true  solidification  point 
of  the  oil.  This  is,  as  it  is  dependent  on  the  anethol-content  of  the  oil, 
a  good  indicator  of  the  quality  of  the  oil.  In  normal  oils  it  lies  between 
15  and  19°.  The  method  for  determining  the  solidification  point  is 
described  in  detail  on  p.  187. 

The  sp.  gr.  of  the  liquid  oil  is  0.980—0.990  at  15°.  The  plane  of 
polarized  light  is  slightly  turned  to  the  left,  ao  =  —1°  SO*.  (Different 
from  fennel  oil  and  fennel  stearoptene  which  turn  the  light  toward  the 
right.) 

For  complete  solution  1%—  5  vol.  of  90  p.  c.  alcohol  are  required. 
Anise  oil  can  be  distinguished  from  star  anise  oil  only  by  the  odor  and 
taste.  The  reaction  with  alcoholic  hydrochloric  acid,  recommended  for 
this,  which  was  discussed  under  star  anise  oil  on  p.  859,  does  not  give 
reliable  results, 

If  anise  oil  be  exposed  for  some  time  to  the  light,  in  contact  with 
air  (especially  in  the  liquid  state),  its  crystallizing  tendency  is  diminished 
and  finally  disappears  altogether.1  The  phenomenon  is  due  to  the 
formation  of  oxidation  products  (anisic  aldehyde  and  anisic  acid)  as 
well  as  polymers*  (metanethol  and  photo  anethol?).  At  the  same  time 
the  sp.  gr.  is  increased,  which  may  go  so  far  as  to  make  the  oil  heavier 
than  water.    The  oil  becomes  also  more  readily  soluble  in  9<i  p.  c.  alcohol. 

When  anise  oil,  star  anise  oil,  or  anethol  (about  2  g.)  are  evaporated 
in  a  small  dish  on  a  water  bath,  a  comparatively  large  amount,  9—10 
p.  c,  of  a  non-volatile  residue  remains.  This  iB  viscous,  odorless,  no 
longer  tastes  sweet,  and  propably  consists  mainly  of  photo  anethol,  a 
polymer,  which,  according  to  the  investigations  of  de  Varda8  is  formed 
by  the  action  of  light  on  anethol. 

Composition.  Anise  oil  consist  principally  of  two  isomeric  com- 
pounds CioHiaO,  namely,  of  the  anethol,  solid  at  ordinary  temperature, 
and  of  the  liquid  methyl  chavieol.* 

i)  This  was  known  at  the  beginning  of  this  century  and  la  mentioned  by  Hagen. 
Lehrbuch  der  Apothekerkunat.  8th  ed.  (I8O6).  vol.  3.  p.  411. 

1)  According  to  Grimaux  ancthul  loses  Its  tendency  to  crystallite  by  prolonged 
heating  (Bull.  Hoc.  cblm..  Ill,  1-i.  p.  778). 

■)  Gui.  cblm.  leal.,  21,  I,  p.  ISA;  Berlchte.  24.  Kef.,  p.  564. 

*■)  Bertcht  von  9.  ft  Co.,  Oct.  189B,  p.  6.  Bouchardat  ft  Tardy  later  »ubxtantla.tr  the 
occurrence  ol  methyl  cbavlcol  (estragon  In  Kunala.ii  anise  oil  (Compt.  rend..  122,  p.  S24). 
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The  characteristic  properties  of  the  oil  are  due  to  the  auethol, 
present  to  the  extent  of  HO — 90  p.  c.,  which  is  therefore  its  most 
valuable  constituent.  It  forms  snow-white  laminae  and  melts  at  21.5° 
to  a  colorless,  highly  refractory,  optically  inactive  liquid  of  pure  anise 
odor,  and  an  intense  sweet  taste.    The  sp.  gr.  is  0.98U  at  25°. 

Methyl  chavicol  is  likewise  optically  inactive  and  has  an  anise-like 
odor,  without,  however,  possessing  the  sweet  anise  taste.  The  properties 
and  characteristic  derivatives  of  anethol  and  methyl  chavicol  are 
described  on  page  17!>.  In  the  first  runnings  of  the  anise  oil,  there  are 
contained  besides  acetaldehyde,  bad  smelling  sulphur  compounds,  and 
possibly  smalt  amounts  of  terpenes.  In  how  far  these  compounds  are 
due  to  the  impurities  always  accompanying  the  seeds,  cannot  be  stated. 

Attention  may  briefly  be  called  to  a  recent  observation  by  Bouchardat 
and  Tardy.1  It  was  undoubtedly  made  on  an  anise  oil  adulterated 
with  fennel  oil,  and  might  therefore  give  rise  to  a. false  notion  of  the 
composition  of  pure  anise  oil.  The  oil  investigated  by  the  authors  cited 
was  %u  solid  at  10°  and  turned  the  ray  of  polarized  light  to  the  right. 
The  dextrorotation  was  almost  entirely  due  to  a  body,  CioHiaO,  which 
could  only  be  separated  from  the  anethol  by  oxidation  of  the  latter, 
and  which  was  identical  with  the  fenchone  of  Wallach.  From  the  liquid, 
freed  as  much  as  possible  from  anethol  by  repeated  freezing,  two  further 
substances  were  obtained  with  bisulphite,  anisic  aldehyde  and  a  ketone, 
C10H12O2.  The  '-anise  ketone"  boiled  at  263°  nnd  was  oxidized  by 
permanganate  to  anisic  acid. 

Schimmel  &  Go.a  remark  on  this,  that  the  presence  of  feuchone  in 
anise  oil  has  never  been  observed  by  them,  although  they  had  used  np 
many  thousand  kilos  of  the  oil  in  making  anethol,  and  that  it  would  have 
been  impossible  to  overlook  so  stable  a  body  of  so  penetrating  an  odor 
as  fenchone.  Furthermore  it  would  follow,  from  the  statements  of 
Bouchardat  and  Tardy  (melting  point  and  rotation)  that  the  anise  oil 
had  been  adulterated  with  fennel  oil  to  a  marked  extent. 

In  regard  to  the  "anise  ketone"  it  must  also  remain  an  open 
question  as  to  whether  this  body  came  from  the  anise  oil  or  the  fennel 
oil.  This  can  only  be  decided  by  repeating  the  experiment  on  un- 
objectionabty  pure  material. 

Adults  ration  and  Examination.  The  cruder  adulterations  observed 
so  far  consisted  in  the  addition  of  turpentine  oil,  cedar  wood  oil, 
copaiba-  and  gurjun  balsam  oil,  alcohol,  spermaceti  and  fatty  oil.    All 
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these  adulterants  are  detected  by  the  determination  of  the  physical 
properties,  as  specific  gravity,  optical  rotation,  solubility,  and  solidi- 
fication point  (see  p.  187). 

The  admixture  with  fennel  oil  or  fennel  stearoptene  is  frequently 
practiced.  Even  small  amounts  can,  however,  be  recognized  by  the 
dextrogyration  in  the  polariscope.  Dextrogyrate  anise  oils  are,  there- 
fore, in  all  cases  to  he  rejected.  In  taking  the  sample  for  investigation, 
care  must  be  taken  that  all  the  oil  is  melted  and  mixed  to  a  homo- 
geneous liquid. 

Attention  is  here  again  called  to  the  changes  described  on  p.  561 
nnder  the  heading  "Properties,"  which  a  normal  oil  may  suffer  when 
carelessly  kept  and  which  mnst  be  considered  in  certain  cases  when  the 
genuineness  of  an  oil  is  to  be  determined. 

The  best  criterion  ■for  the  quality  of  anise  oil  is  its  solidification 
point,  which  lies  normally  between  15  and  19°,  usually,  however, 
at  +  17°. 

308.    Oil  of  Pimpinella  Root. 

The  oil  of  the  white  pimpinella  root  of  Pimpinella.  saxifrnga  L. 
(Family  Umbeliiferae)  is  a  golden  yellow  liquid  of  a  penetrating  and 
unpleasant  odor,  reminding  somewhat  of  parsley  oil,  of  a  disagreeable 
bitter,  scratching  taste.1  Sp.  gr.  0.959  at  15.°  It  begins  to  boil  at 
240°,  then  rises  to  about  300°,  a  part  even  passing  over  above  300°, 
with  considerable  dei composition.3 

The  oil  of  the  black  pimpinella  root,  Pimpinella  nigra  Willd.  (yield 
0.38  p.  c.)  18  light  bine,  floats  on  water  and  smells  less  penetrating 
than  the  preceding.  It  is  changed  in  the  sunlight  even  in  closed  vessels 
to  a  green  color.8 

309.    OH  of  Fennel. 
Oleum  Foenicnli.— FenchelSI.—  Essence  de  Fenooll. 

History.  The  oil  of  fennel  has  no  doubt  been  known  since  the  time 
of  the  preparation  of  the  distilled  waters.  In  the  sixteenth  century  it 
appears  to  have  been  introduced  along  with  fennel  water  as  a  remedy 
and  its  preparation  described  by  Brunschwig  and  by  Porta.  In  the 
municipal  ordinances  of  drugs  and  spices  it  is  first  mentioned  in  that 
of  Berlin  of  1574  and  of  Frankfurt-on-the-Main  of  1582;  also  in  the 
Pharmacopoea  Auguntana  of  1580  and  the  Dispeusatorium  Noricum 
of  1589. 

i)  Trom inadorff'a  Neues  Jonrn.  d.  Phnrm..  13,  II,  p,  68. 

«)  Berlcht  tod  S.  *  Co.,  Apr.  1S90,  p.  87. 

«)  Trommadorffa  .Neuea  Joura.  d.  PWia..  IS,  II,  p.  48. 
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Early  investigations  of  fennel  oil  were  made  in  1779  by  Heyer  of 
Braunschweig,1  in  1792  by  Gertinger  of  Eperies  in  Hungary,'  and  in 
1793  by  Gtottling  of  Jena  and  Giese  of  Dorpat.  Farther  observations. 
which  like  the  above  deal  mainly  with  fennel  camphor  (anethol),  were 
made  by  Buchner8  and  by  Qoebel.  Blanchet  and  Sell4  recognised  in 
1833  the  identity  of  the  stearoptenes  from  fennel  and  anise  oils.  This 
was  corroborated  in  1842  by  Cahours.s  Wallach  *  investigated  fenchone, 
a  body  characteristic  for  fennel  oil,  which  possesses  considerable  theore- 
tical interest  on  account  of  its  similarity  to  camphor. 

Orimn.  Fennel,  Foeniculum  rulgai-e  Gaertn,  (F.  cnpillaceum  Qilib., 
Anethum  foenicnlum  L.)  is  a  fine  umbelliferous  plant,  which  is  cultivated 
in  Germany  (vicinity  of  Liitzen),  Moravia,  Galicia,  Roumania  and  Mace- 
donia, in  France  and  Italy,  also  in  India  and  Japan,  partly  on  account 
of  its  edible  root,  but  principally  on  account  of  its  much  used  fruit. 
The  fruits  of  the  fennel  cultivated  in  the  various  countries  differ  not 
only  externally, T  in  form,  size  and  color,  but  the  oils  distilled  from  them 
show  greater  differences  than  is  the  case  with  the  different  varieties  of 
any  other  plant. 

The  oils  of  the  fennel  from  Liitzen,  Roninania,  Galicia,  Moravia  and 
Japan,  are  distinguished  by  the  bitter  tasting  fenchone,  which,  together 
with  anethol,  produces  the  characteristic  fennel  odor.  Fenchone  is  not 
found  in  the  sweet  Roman  (French)  and  Macedonian  fennel,  anethol,  on 
the  other  hand,  is  either  entirely  absent,  or  present  only  in  traces  in 
the  wild  bitter  fennel. 

In  the  individual  fennel  oils  the  greatest  variety  of  terpenes  is  found. 
The  oil  of  the  fennel  from  Liitzen  contains  pinene  and  dipentene,  wild 
bitter  fennel  phellandrene  and  Macedonian  fennel  limonene.  From  this 
it  follows  that  under  the  name  of  fennel  oil  are  understood  oils  of 
entirely  different  properties. 

In  the  following  the  term  "fennel  oil"  applies  to  the  ordinary  fennel 
oil  of  commerce,  the  Oleum  Foenicali  of  the  Pharmacopeia,  as  it  is 
obtained  by  distillation  from  the  fennel  from  Hitssen,  Roumania,  Moravia 
and  Galicia. 


j  Crell's  Cbem.  Journal,  8,  p.  10:2. 

I  Oottllwc'*  Aimanach  fop  Ncheldekflrmtler  und  Apotheker,  14,  p.  14SI. 

)  Buchner's  Repert.  I.  die  Pharm.,  10.  p.  1S8. 

■)  LieblR'ii  Annalen,  6,  p.  287. 

)  IJt'liiR'H  Annalen,  41,  p.  74;  Journ.  flip  prakt.  Cheiu...  24.  p.  851). 

)  Lleblft's  Annalen.  239,  p.  324;   268.  p.  12!>. 

1  Id  an  article  an  tbe  commercial  varieties  of  fennel  and  tbelr  essential  oils  (Pharm 

a.,  58,  p.  223)  Utnney  In    1RBT  deet'Pllwd   and  Illustrated  the  different   varieties  o 
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Upon  distillation  of  crushed  seeds,  the  principal  varieties  give  the 
following  yield : 

Saxon  fennel   (LfHaen) Yield  4.4—5.5  p.  C. 

Qalician  "        "      4.5—6         " 

Moravian        "       "     4  " 

Roumanian     "       "     4.6  " 

The  distillation  residues,  which  form  a  valuable  cattle  food  (comp. 
under  caraway  oil,  p.  551)  contain  after  drying  14 — 22  p.  c.  of  protein 
and  12—18.5  p.  c.  of  fat.1 

Propbettes.  At  a  medium  temperature  oil  of  fennel  is  a  colorless 
or  slightly  yellow  liquid  of  the  peculiar  fennel  odor,  and  a  taste,  which 
is  at  first  bitter  and  camphor-like,  but  having  a  sweet  after  taste, 
Sp.  gr.  0.965—0.975;  aD=  +  12  to  +24°.  The  solidification  point  of 
the  normal  fennel  oil,  determined  as  described  on  p.  187,  lies  between 
+  3  and  +6°.  As  with  anise  oil,  so  also  here,  the  oil  of  the  highest 
solidification  point  is  the  best. 

Fennel  oil  is  soluble  in  an  equal  volume  of  90  p.  c.  alcohol,  while 
5 — H  vol.  of  80  p.  c.  alcohol  are  required  to  dissolve  1  vol.  of  fennel  oil. 

Composition.  The  constituent  of  fennel  oil  longest  known  is  anethol, 
crystallizing  out  in  the  cold.  (See  p.  179.)  Good  oils  contain  about 
50—60  p.  c.  of  this  body.  A  second  compound  is  also  characteristic  of 
the  oil.3  It  is  found  in  the  fraction  190 — 192°,  and  has  an  intensely 
bitter,  camphor-like  taste.  According  to  the  investigations  of  Wallach 
and  Hartmann8  it  is  a  ketone,  which  was  first  called  fenchol,  later 
fenchone.  Fenchone,  CioHioO,  is  isomeric  and  closely  related  to  camphor, 
and  gives  a  series  of  analogous  derivatives.  It  boils  at  192—193°,  has 
the  sp.  gr.  0.9465  at  19°,  is  strongly  dextrogyrate,  [<*]d=  +71.97°, 
solidifies  at  a  low  temperture  and  melts  again  at  +  5  to  +  6°.  By 
redaction  with  sodium  it  is  converted  into  fenchyl  alcohol,  CioHisO.* 
For  further  information  see  p.  166. 

Of  terpenes,  d-pinene  and  dipentene  are  contained  in  common  fen- 
nel oil.  Pinene  was  detected  in  the  fraction  boiling  at  157—160° 
(aD  =  +  41°58')  by  converting  it  into  pinene  nitrosochloride  and  pinene 
benzylamine,  melting  at  122°.    The  fraction  boiling  at  180°  after  ten 

i)  Die  landwlrtbschaftllchen  Vereucbaetatlonen,  42,  p.  86. 
>)  Berlcht  tod  S.  &  Co.,  Apr.  1890,  p.  20. 

■  ]   UeblK'H  Annalen,  2S9,  p.  32-t ;  208.  p.  129. 

*)  Laboring  under  the  supposition  tbat  this  reaction  Is  a  quantitative  one.  Umuey 
bat  elaborated  an  away  method  by  converting  fenchone  into  fenchyl  alcohol  and  this  Into 
the  acetate.  Inasmuch,  however,  at  It  reqairee  repeated  treatment  with  sodium  to 
completely  reduce  the  fenchone  tn  fenchyl  alcohol,  Umney's  refiultfi  mint  be  much  too  low 
<Phann.  Jonra.,  oh,  p.  325). 
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Iractio nations  gave,  on  shaking  with  hydrobromie  acid  in  glacial  acetic 
acid  solution,  dipentene  dihydrobromide,  melting  at  94°;  by  bromina- 
tion,  dipentene  tetrabromide,  melting  at  123—124°,  was  obtained. 

The  presence  of  pinene,  fenchone  and  anethol  is  corroborated  by  a 
more  recent  investigation  by  Tardy*  on  an  oil  from  French,  cultivated 
bitter  fennel.  Newly  found  were  methyl  chavieol,  as  well  as  anise  ketone. 
Anise  ketone  combines  with  bisulphite  and  boils  between  260  and  205°. 
Dpon  oxidation  with  potassium  permanganate,  acetic  and  anisic  acids 
result.  These  meager  results,  together  with  an  elementary  analysis,  the 
results  of  which  do  not  agree  very  well,  hardly  justify  the  assumption 


The  product  obtained  by  Tardy  by  conducting  dry  hydrochloric  acid 
gas  into  fraction  176—177°  could  be  separated  by  distillation  in  a 
vacuum  into  two  portions,  of  which  tlie  one  consisted  of  cymene.  the 
other  of  dipentene  dihydrochloride.  Although  the  original  fraction 
yielded  no  phellandrene  nitrite,  Tardy,  nevertheless,  proclaims  it  as  a 
mixture  of  phellandrene  and  cymene,  assuming  that  the  latter  prevents 
a  positive  phellandrene  reaction.  In  order  to  make  this  explanation 
more  plausible,  it  would  first  huve  to  be  proven  that  the  cymene  was 
originally  in  the  oil,  and  that  it  did  not  result  by  the  treatment  with 
hydrochloric  acid. 

The  oxidation  products  present  in  all  anethol-containing  oils,  namely 
anisic  aldehyde  and  anisic  acid,  were  also  found  in  this  fennel  oil. 

Examination.  The  principal  test  is  that  for  oils  deprived  of  a  part 
of  their  anethol  by  fractionation  or  freezing.  The  solidification  of  such 
oils  is  then  below  +  3°,  which  can  be  considered  as  the  lowest  allowable 
limit.  The  addition  of  alcohol,  which  has  sometimes  been  observed,  is 
recognir^d  by  the  lowering  of  the  specific  gravity.  The  same  is  true 
for  turpentine  oil. 

The  fennel  oils  described  in  the  following  paragraph  have  more 
scientific  than  practical  interest. 

Oil  from  the  Sweet  or  Roman  Fennel. 

The  variety  of  fennel  cultivated  in  southern  Franee,  and  formerly 
designated  as  Foeniculam  tlvlce  D.  C,  yields  on  distillation  2 — 3  p.  r. 
of  oil.  It  distinguishes  itself  by  its  high  anethol  content  and  by  the 
absence  of  fenchone.  8p.  gr.  0.976— 0.980;*  «t>=  +  7° 50'  to  +  16°30';* 
solidification  point  +10  to  +12°. 

i)  Bull.  Sot.  rhlm..  III.  17.  p.  8G0.  »1  I'mney,  Phnrm.  Jo  urn..  KS.  p.  226. 
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Oil  from  Macedonian  Fennel, 

The  Macedonian  fennel  oil  is  very  similar  to  the  oil  from  the  sweet 
fennel.  It  has  a  purely  sweet  taste  and  high  anethol  content.  Yield 
3.4—3.8  p.  c.  Bp.  gr.  0.970—0.980;  «n=  +  5  to  +12°;  solidification 
point  +7  to  +12°. 

Fenchone  is  entirely  absent  in  Macedonian  fennel  oil.  The  terpenes 
boil  from  170—180°.  The  fraction  170—175°  («D  =  +  57°53')  gave 
with  glacial  acetic  acid  and  sodium  nitrite  a  faint,  but  pronounced 
phellandrene  reaction.  The  fraction  175—180°  («d  =  +  64°33'|  gave 
by  bromination,  limonene  tetrabromide  melting  at  104 — 105°.  According 
to  this  the  oil  contains  d-phellandreue  and  d-lhnonene.1 

Oil  from  the  Wild  Bitter  Fennel. 

The  bitter  fennel  growing  wild  in  France,  Spain  and  Algiers  gives 
by  distillation  about  4  f>.  c.  of  a  volatile  oil.  Sp.  gr.  0.905—0.925: 
an  =  + 18°. 

The  principal  constituent  or  bitter  fennel  oil  is  a  terpene,  found  by 
Cahoursa  and  more  closely  studied  by  Bunge.8  Wallach*  found  this 
terpene  to  be  identical  with  the  d-phellaudrene  found  in  water  fennel  oil 
by  Pesci.  The  higher  boiling  fractions  are  slightly  bitter,  and  appear 
therefore  to  contain  some  fenchone.  Anethol  is  either  entirely  absent  or 
present  only  in  small  amount. 

Oil  from  the  Indian  Fennel. 
Distilled  from  the  Indian  variety,  Foeiiiculum  punmorium  D.  C.    Yield 
0.72  (UmneyO)  to  1.2  p.  c.     Sp.  gr:  0.908—0.973;   «D=+21°;  m.  p. 
8.2°. 6    It  contains  fenchone  and  anethol. 

Oil  from  the  Japanese  Fennel. 

The  Japanese  fennel  is  recognized  by  it»  small  seeds,  and  therefore 
sometimes  designated  in  commerce  as  Japanese  anise.  The  oil  is  very 
similar  to  the  German  fennel  oil."  Yield  2.7  p.  e.  (Umney*);  sp.  gr. 
0.9757— 0.970;  «d=  +  10t  to  +16°;  solidification  point  +7°.  Fen- 
chone and  anethol  are  constituents  of  the  Japanese  fennel  oil. 

i)  Observation  In  the  laboratory  or  *)  Lleblg'n  Annnlen,  UB'J,  p.  40. 

Schlmmel  &  Co.  »)  Pbartn.  Journ.,  OS,  p.  «:»<!, 

i)  Lleblg'H  .Annalen.  41,  p.  74.  •)  Pharm.  Journ.,  5T,  p.  til. 

»)  ZriMctir.  (    Cheoite,  ii,  p.  5T«.  *)  Bertctit  von  H.  A  Co.,  Oct.  18SI8.  p.  46. 
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Oil  from  the  Sicilian  Asa  Fennel. 

The  sharp  tasting  fruit  of  the  Foemculum  piperitum  D.  C.  (Finoccbio 

cTaaino)  nsed  in  southern  Italy  as  a  spine,  yields  upon  distillation  2.9 

p.  c.  of  oil.    The  sp.  gr.  or  the  oil  is  0.951.    It  can  contain  only  traces 

of  anethol,  as  on  cooling  to  —5°  no  separation  of  anethol  took  place. 

Oil  of  Fennel  from  Asia  Minor.1 
Yield  0.75  p.  c;  sp.  gr.  0.987, 

Oil  from  the  Syrian  Fennel.1    . 
Yield  1.6  p.  c. ;  sp.  gr.  0.972.  . 

Oil  from  the  Persian  Fennel.3 
Yield  1.7  p.  c. ;  sp.  gr.  0.977;  «d=  +  14°;  m.  p.  11.2°. 

Oil  from  fiussian  Fennel.3 
Yield  4.8  p.  c;  sp.  gr.' 0.967;  aD=  +  23°?m.  p.  4.4°. 

310.    Oil  Of  Meum  Athamautlctun. 
BlrwnrxSI. 

The  dry  roots  of  Meum  tttham&vtkum  Jacq.  (Germ.  Bttrwura),  gave 
on  distillation  0.67  p.  c.  of  a  dark  yellow  oil,  very  similar  in  odor  to 
lovage  oil.  Its  sp.  gr.  at  21°  is  0.999.  It  began  to  boil  at  170°  and 
above  300°  greenish-blue  fractions,  smelling  like  celery,  came  over.  By 
distillation  from  a  glass  flask  about  half  the  oil  resinifled.' 

311.    Oil  of  Sllaus  Pratenals. 
SlUntt. 

The  fruit*  of  Siiaus  pratensis  Besser  (Family  UmbeUiferae),  growing 
wild  in  Germany,  gives  by  distillation  1.4  p.  c.  of  oil,  the  odor  of  which 
reminds  strongly  of  estragon.  A  stearopt«ne  separates  in  fine  needles 
when  exposed  to  the  cold.  Sp.  gr.  0.982;  oD=  +  0°7'.  Saponification 
number  20.8. 

312.    Oil  of  Water  Fennel. 
Oleum  Fhelhuidrll  Agnatic!.  —  WasserfencheHH.  — Bnora  de  FenouU  d'Eau. 
The  fruit  of  the  water  fennel,   Oenanthe  aquatica.  Lam.    (Oenantbe 
phellandrium  Lam.,  Phellandrium  aquaticum  L.),  contains  1—2.5  p.  c.  of 

■  )  Bericbt  von  8.  *  On.,  Apr.  1S9T.  p.  ttO  of  Suppl. 
■')   PI)  arm.  Journ.,  BH,  p.  226. 
-    »i  Berlcht  von  S.  A  Co..  Apr.  1H89,  p.  48. 
•)  Bericbt  von  9.  *  Co.,  Oct.  18911,  p.  59. 
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volatile  oil.  Oil  of  water  fennel  is  at  first  a  colorless  to  wine  yellow 
liquid,  becoming  darker  with  age.  It  has  a  strong  penetrating  odor 
and  burning  taste.  The  sp.  gr.  is  0.85— 0.8!);  «D=+ 12°42' to -j-15°30'. 
It  begins  to  boil  at  about  170°  and  about  50—60  p.  c.  go  over  up  to 
172°.  On  further  heating  the  thermometer  rises  gradually  to  300°,  and 
finally  a  black  resin  remains  in  the  flask  (Bauer1). 

According  to  an  investigation  by  Pesci1*  iu  1886  the  oil  consists  to 
the  extent  of  80  p.  c.  of  a  terpeue,  characterised  by  a  nitrite  melting  at 
103°,  which  has  been  called  phellandrene,  after  the  name  of  the  plant 
yielding  the  oil.8  For  the  properties  and  derivatives  of  this  hydrocarbon 
see  p.  121. 

Haenset*  has  observed  the  separation  of  a  small  amount  of  a  heavy 
oil  on  the  bottom  of  the  Florentine  flank  during  distillation. 

313.    Oil  of  Lovage. 

Olenm  Lerintlcl.— Liebstock$l.—  Essence  do  Llreche. 

Origin  and  History.  The  original  habitat  of  the  umbelliferous 
plant  Levisticum  officinale  Koch  (Angelica,  levisticum  Baillon,  Liguati- 
cum  ieviaticum  L.),  now  much  cultivated  as  a  kitchen  spice,  has  not 
been  determined,  nor  has  the  plant  been  definitely  found  growing  wild. 

The  distillates  from  lovage  root  are  often  mentioned  in  the  later 
treatises  on  distillation. 

The  oil  distilled  from  the  root  appears  to  have  come  into  use  about 
the  middle  of  the  sixteenth  century.  It  is  mentioned  ns  Oleum  Levistiei 
in  the  price  ordinance  of  Frankfurt-on-the-main '  of  1587  and  as  Oleum 
Ligustici  in  the  1589  edition  of  the  Dispensatorium  Noricum. 

All  parts  of  the  lovage  plant  contain  volatile  oil.  Formerly  only 
that  from  the  root  was  prepared,  but  lately  the  oil  from  the  fruit  and 
herb  is  also  made. 

Preparation.  The  aromatic,  fresh  roots  of  lovage  yield  upon 
distillation  with  water  vapor  0.3  to  0.5  p.  c,  the  dried  roots  0.6 — 1  p.  c. 
of  oil,  the  odor  of  which  resembles  that  of  angelica  oil.  According  to 
whether  the  fresh  or  dried  roots  are  lised  in  the  distillation,  a  yellow 
or  a  brown  oil  is  obtained.  These  oils  show  but  a  slight  difference  in 
specific  gravity,  but  behave  differently  during  the  process  of  distillation. B 
When  dry  lovage  root  is  distilled  there  appears  together  with  the  oil, 

>)  Ueber  dua  KthvrlKbc  Del  von  Phellau-  'i  Llebig'B  Annalen.  289,  p.  40. 

'Irinm  aquiticiiio.    Inaufc.  Dluei-tat.     Firl-  *]  Pbarra.  Zeltuoft,  48.  p    760. 

bars.  1SSS.  »)  Bericht  Ton  H.  &  Co..  Apr.  1895,  p,  w. 

>)  Oui.  clilm.  ItHl.,  16,  p.  225. 
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from  the  very  beginning  of  the  distillation,  but  espaoially  toward  the 
end,  a  yellow,  sticky,  resinous  body,  which  in  part  separates  in  the 
outflow  tube  of  the  receiver,  but  the  larger  part  of  which  remains  dis- 
solved in  the  oil.  When  the  green  root  is  distilled  this  resin  is  scarcely 
noticeable.  If  the  root  has  just  !>een  collected  this  resin  is  altogether 
absent.  When  the  oil  from  the  fresh  root  is  rectified,  almost  the  entire 
oil  is  volatile:  the  oil  from  the  dry  root,  however,  leaves  behind  a  large 
amount  of  resin. 

Properties.  Bp.  gr.  1.000  to  1.040.  The  oil  is  inactive  (BraunM 
or  slightly  (up  to  4-  5°)  dextrogyrate.3  It  dissolves  to  a  clear  solution 
in  2—3  p.  of  80  p.  c,  alcohol. 

Composition.  If  the  oil  saponified  with  alcoholic  potassa  he  distilled 
with  water  vapor  and  then  fractionated  there  will  be  obtained,  accord- 
ing to  Broun,1  a  fraction  boiling  at  170°  under  ordinary  atmospheric 
pressure  (sp.  gr.  0.8534,  «D  =  4-5°)  and  having  the  composition  of  « 
terpene.  S'tiimmel  &  Co.  isolated  as  principal  fraction  a  liquid  boiling 
between  107  and  115°  under  15  mm.  pressure.  From  this  could  be 
separated  at  ordinary  pressure  a  fraction  boiling  at  217— 21H°,  which 
solidified  to  a  crystalline  mass  and  had  all  the  properties  of  solid 
d-terpineol;s  «d  (in  over-cooled  condition)  —  4-  79°  Hi'  at  22°.  M.  p.  of 
terpinyl  phenyl  urethane  112°,  of  terpineol  nitrolpiperidine  151 — 132°. 
The  dihydriodide  prepared  from  the  terpineol  melted  at  77— 7H°. 

314.  Oil  of  Lovage  Fruit. 

The  fruit  of  lovage  yields  upon  distillation  1.1  p.  c.  of  a  distillate 
very  similar  to  that  obtained  from  the  root.    Sp.  gr.  0.935.* 

315.  Oil  of  Lovage  Herb. 

The  fresh  herb  and  flower  sterns  of  Leviatinum  officinale  yield 
0.05—0.15  p.  c.  of  oil.  which  is  very  similar  in  odor  to  that  of  the  root. 
It  has  the  sp.  gr.  0.904—0.940,  <iu  =  +  10  to  +40°.  It  is  soluble  in 
an  equal  part  of  90  p.  u.  alcohol. 

316.    OiW  Angelica. 

Oleum  Augellcte.— Angeltcawurielol.— Essence  d'Angeliqne. 

Origin  and  History.    Angelica  (Ger.  Engelwurz) ,  Airhangelica  offki- 

nalis    Hoffm.    (Angelica   nrvhangplicn  L.)   (Family  UmbeUifrrne),  grown 

ij  Archly  <1.  l'bann.,  285.  pp.  2  and  IS. 

■)  FWcklger  (PharmacoKnoiIe,  8nl  ell.,  p.  +80)  round  an  oil,  the  source  or  which  Ik 
not  mentioned,  trj  be  laovoKj-rat*. 

«)  Berk-lit  von  S.  &.  Co.,  Apr.  1897.  p.  27;  Oct.  1NU7,  p.  »,  footnote  S. 
*>  Rertcht  von  S.  4  Co.,  Apr.  1M90.  p.  *H. 
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here  and  there  throughout  northern  Europe  as  far  as  Siberia  and  is 
much  cultivated  as  a  drug  and  for  the  manufacture  of  liquors.  The 
plant  is  the  finest  of  the  north  European  umbellifers  and  contains  in 
alt  parts  a  peculiar  aromatic  volatile  oil,  especially  in  the  root  and 
fruit.  The  fresh  green  parts  of  the  plant  serve  as  a  much  liked  vegetable 
in  the  northern  parts  of  Europe,  Sweden  and  Finnland,  and  on  Iceland 
and  Greenland. 

Angelica  appears  to  have  first  come  into  use  as  a  spice  plant  during 
the  fifteenth  century,  and  was  no  doubt  first  used  for  the  preparation 
of  the  distilled  angelica  water,  the  preparation  of  which  is  described  in 
Brunschwig's  and  in  later  treatises  on  distillation. 

The  distilled  oil  of  the  roots  was  not  prepared  until  the  second  half 
of  the  sixteenth  century  and  first  mentioned  in  the  price  ordinance  of 
Frankfurt  in  1582  and  in  the  Dispensatorium  Noricum  of  1581). 

Recently  the  oil  from  the  fresh  roots,  the  stems  and  leaves  and 
that  of  the  fruit,  have  also  come  into  use. 

In  composition  the  oils  of  the  various  parts,  and  of  the  fresh  and 
dried  plants,  are  on  the  whole  identical.  Marked  differences  exist,  how- 
ever, in  the  quality  of  the  aroma.  The  aroma,  as  with  so  many  plants, 
appears  to  be  affected  by  the  place  of  growth,  the  moisture  of  the 
atmosphere  and  the  intensity  of  the  light  during  the  time  of  develop- 
ment of  the  plant. 

Oil  of  angelica  root  was  investigated  by  Buchner  in  1842, *  by 
Beilstein  and  Wiegand  in  1882, 2  by  Naudin  in  1883, »  and  by  Ciamician 
and  Silber  in  18!M>.* 

Preparation.  The  oil  of  the  roots  as  well  as  that  of  the  Trait 
(oil  of  angelica  seed)  finds  practical  application.  The  distillation 
material  comes  mostly  from  Thuringia  and  Saxony  (Erz-Gebirge), 
although  sometimes  the  fruit  from  France,  from  Moravia  and  the  Harz 
are  used  for  the  preparation  of  the  oil. 

The  yield  from  the  dry  root  is  0.35—1  p.  c;  from  the  fresh  root, 
which  gives  a  finer  oil,  0.2—0.37  p.  c. 

Properties.  The  oil  from  the  root  is,  when  freshly  distilled,  an 
almost  colorless  liquid  of  a  pleasant  balsamic  odor.  It  becomes  yellow 
to  brownish  when  kept,  due  to  the  action  of  light  and  air.  The  odor 
is  very  aromatic,  pepper-like  with  a  slight  admixture  of  musk.  The 
taste  is  spicy.    Sp.  gr.  0.857— 0.918 ;  «D=  +  10  to  +32°. 
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'  Composition.  The  oil  investigated  by  Beilsteiu  and  Wiegand '-  gave 
on  distillation  a  principal  fraction  at  160 — 175°;  a  small  part  boiled 
between  175  and  200°,  and  still  less  above  200°.  The  lowest  fraction 
had  after  repeated  fractionation  the  constant  boiling  point  158°  and 
the  composition  CjoHie.  The  terpene  absorbed  1  mol.  of  hydrochloric 
acid  gas,  but  did  not  separate  a  solid  hydrochloride.  The  fraction 
going  over  between  170  and  175°  formed  the  principal  product  and 
likewise  corresponded  to  the  formula  CioHia.  From  this  fraction  a 
hydrochloride  melting  at  127°  crystallized  out,  after  passing  hydro- 
chloric acid  gas  into  the  oil.  After  repeated  treatment  with  sodium  the 
fraction  boiling  originally  at  175—200°  boiled  constant  at  176°.  The 
analysis  indicates  a  mixture  of  terpenes  and  cyraene.  From  the  diffi- 
cultly .volatile  portions  a  hydrocarbon  boiling  at  250°,  probably  a 
sesquiterpene,  was  obtained. 

Naudin*  obtained  by  fractionation  a  pepper-like  smelling  terpene  of 
the  boiling  point  166°.  which  he  called  Merebaugelene, 

Schimmel  &  Co.8  showed  the  presence  of  phellandrene  in  the  oil  by 
the  preparation  of  the  nitrite.  As  the  solution  of  the  phellandrene 
nitrite  in  chloroform  turns  the  ray  of  polarized  light  to  the  left,  and 
as  the  rotation  of  the  nitrite  is  in  the  opposite  direction  to  that  of  the 
hydrocarbon,  it  follows  that  d-phellandrene  is  contained  in  angelica 
root  oil. 

From  the  investigations  of  Beilstein,  Wiegand  and  Naudin  it  can  be 
concluded  that  other  terpenes  (probably  pinene)  are  also  present.  No 
doubt  the  £-terebangelene  of  Naudin  can  be  considered  as  a  mixture  of 
phellandrene  with  a  lower  boiling  terpene. 

The  high  boiling  fractions,  in  which  the  carrier  of  the  musk-like 
odor  is  present,  were  investigated  by  Ciamician  and  Silber.4 

From  the  fraction  obtained  last  during  a  steam  distillation,' fine 
crystalline  leaflets  of  the  melting  point  74 — 77°  separated.  The  amount 
was  too  small  for  a  detailed  investigation ;  it  was  probably  the  an- 
hydride of  an  oxy  acid.  The  oil  distilled  in  a  vacuum  was  saponified 
with  alcoholic  potassa.  The  non-saponiflable  part  had  the  characteristic 
odor  of  the  sesquiterpenes  and  boiled  between  240  and  270°.  Sulphuric 
acid  separated  two  acids  from  the  alkaline  solution;  1)  a  valerianic 
acid,  methyl  ethyl  acetic  acid,  the  calcium  salt  of  which  crystallizes  with 
five  mol.  of  water;  2)  oxy  penta  decylic  acid,  CmHj.O*,  which  when 
crystallized  from  ether,  forms  star  grouped  needles  of  the  m.  p.  84°. 
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Of  the  derivatives  of  this  acid  were  prepared  the  barium  salt,  ttie  acet- 
penta  decylic  acid  of  the  m.  p.  59°,  the  brom-penta  decylic  acid,  m.  p. 
65°,  and  finally  the  iod-penta  decylic  acid,  m.  p.  78 — 79°  and  crystal- 
lizing in  pearly  scales.  It  may  be  mentioned  that  the  next  lower 
homologue  of  oxy  penta  decylic  acid,  oxy  myristinic  acid,  is  contained 
in  the  oil  from  angelica  seed. 

317.    Oil  of  Angelica  Seed. 
AmgeUhuanmU. 

Angelica  seed  yields  upon  distillation  1—1.2  p.  c.  of  oil. 

Properties.  The  oil  is  very  similar  to  that  obtained  from  the  root. 
8p.  gr.  0.856—0.890;  aD=+H  to  +12°. 

Composition.  Neither  of  the  investigations  for  the  terpenes  of  the 
oil  from  the  seed  made  by  Miiller1  in  1881  and  by.Naudin*  in  1882 
yielded  positive  results. 

The  only  hydrocarbon  definitely  determined  is  phetlandrene.8'  It  is 
probable  that,  as  in  the  case  of  the  oil  of  the  root,  phellandrene  is  not 
the  only  terpeiie. 

Of  oxygenated  constituents  Miiller  found  after  saponifying  the  oil 
with  alcoholic  potassa  two  acids.  1)  A  valerianic  acid,  namely  methyl 
ethyl  acetic  acid,  as  was  shown  by  the  properties  of  its  barium  salt. 
2)  Oxy  myristinic  acid,  i>early  leaflets  of  the  m.  p.  51°.  It  is  found  in 
the  highest  boiling  and  in  the  non-volatile  portions.  A  number  of  salts' 
were  prepared  and  analysed.  Benzoyl  oxy  myristinic  acid,  crystallizing 
in  small  white  leaflets  and  melting  at  68°,  was  also  prepared. 

318.    Oil  of  Angelica  Herb, 
ingellkakrutltl. 

Fresh  angelica  herb  yields  about  0.1  p.  c.  of  oil4  on  distillation. 
In  odor  it  differs  but  slightly  or  not  at  all  from  the  root  oil.  Sp.  gr. 
fl.870— 0.800;  *D=  +  8  to  +21°. 

319.   Japanese  Oil  of  Angelica. 

Japftnlgches  Angellbrtl. 
Two  species   of  angelica  are  cultivated   in   Japan  for  their  roots. 
They  are  Angelica  refr&eta  Fr.  Schmidt  (Japanese  Senkiyu)  and  Angelica 
anomala   Lull.  =  Angelica,  japonka    A.    Gray     (Japanese    Biyakushi) 
(Bein»). 

i)  Berichte.  14,  p.  2476.  *)  lii-rfeht  ron  8.  ft  Co.,  Apr.  1891.  p.  S. 

*)  Bull.  8oc.  chlro.,  II,  87,  p.  107:  *)  Bertcht  vein  8.  ft  Co.,  Apr.  180B,  p.  10. 

€ompt.  rend.,  98,  p.  1140.  =)  Japan. '  Lelpilg,  1S86.  vol.  II,  p.  15ii. 
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The  Japanese  angelica  root1  in  somewhat  poor  in  oil,  containing 
only  0.07—0.1  p.  c.  Sp.  gr.  0.910  at  20°.  At  +10°  the  oil  separatee 
crystals  and  at  0°  it  solidifies.  The  crystal  mass  obtained  by  freezing 
and  suction  filtering  has  the  property  of  a  fatty  acid,  the  melting  point 
of  which,  after  several  recrystal ligations,  was  62—63°.  (Impure  oxy 
penta  decylic  acid?) 

The  boiling  point  of  the  oil  lies  between  170 — 810°.  The  fractions 
coming  over  last  are  of  a  fine  bluish-green  color.  The  residue  solidifies 
upon  cooling  and  consists  mainly  of  the  non-volatile  acid. 

The  odor  of  the  Japanese  oil  is  exceptionally  intensive  and  persistent, 
also  sharper  than  that  of  the  German  oil.  It  also  has  the  characteristic 
admixture  of  musk  odor. 

From  the  fruit  of  the  Japanese  angelica  Murai  obtained  0.67  p.  c. 
of  oil.' 

320.    Oil  of  ABafetida. 
Oleum  Awae  Foetldae.  —  Asantfil,  Oel  von  Asa  foetlda.  —  Essence  d'Ase  FtStldc, 

Origin  and  History.  Asafetida  (Ger.  Asant,  Stinkasant  or  Tenfels- 
dreck)  is  the  dried-up  milk  sap  of  several  species  or  Ferula  and  Peuce- 
finnum,  especially  of  Ferula  asx  foetida  L.  growing  in  Persia,  Afghanistan 
and  the  table  lands  of  northwestern  Asia. 

In  the  mediaeval  distilling  books,  asafetida  is  not  used  by  itself, 
but  as  an  addition  in  the  distillation  of  alcoholic  balsams.  The  volatile 
oil  of  asafetida  is  apparently  first  mentioned  in  the  price  ordinance  of 
Strassburg  for  1685. 

Asafetida  yields  upon  distillation  3 — 6.7  p.  c.  of  volatile  oil,  which 
possesses  to  a  high  degree  the  unpleasant  odor  of  the  drug,  reminding 
of  onions  and  garlic.  Its  color  is  yellow  to  brown.  Sp.  gr.  0.975—0.990; 
optica)  rotation3  "d  =— 9"  15'  (single  observation). 

Composition.  According  to  an  investigation  by  Hlasiwetz3  in  1849 
the  oil  is  free  from  oxygen  and  nitrogen  and  contains  (CeHiOsS,  hexenyl 
sulphide,  and  (CnHuJaSa,  hexenyl  disulphide. 

Semmler,*  however,  in  1891  reached  entirely  different  conclusions. 
He  found  a  small  amount  of  oxygenated  compounds  and  an  entirely 


id.,  p.   5»)   °b«er- 
nler  to  suppose  that  the  oils  examined   by    KliU'klsrer 
rog-j-rate  fractions.    Thin  would  also  explain  the  low 
at  13")  ol  PlurktRcr'a  oils. 
I  Lleblg-s  Annaleu.  71,  p.  28. 
)  ArchlT  d.  Pharm..  229.  p.  1:   Berichte,  2a,  p.  85a0; 
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different  composition  for  the  sulphides.    He  separated  from  the  lowest 
boiling  fractions,  by  repeated  distillation  from  metallic  potassium,  two 


A  hydrocarbon  apparently  identical  with  pinene.  8p.  gr.  0.8602  at 
10° ;  «d  =  +  32°  SO'.  It  formed  a  liquid  dibrom  addition  product 
CioHmBra.  A  second  terpene  in  smaller  amount,  which  gave  a  solid 
tetrabromide  CioHieBr*. 

From  the  higher  boiling  portions  the  following  compounds  were 
isolated : 

A  disulphide  CtHuSs,  b.  p.  83—84°  at  !>  mm. ;  sp.  gr.  0.9721  at  15° ; 
«d  = — 12°80';  it  is  present  to  the  extent  of  45  p.  c.  in  the  crude  oil. 

A  disulphide  OiiHsoSs,  which  makes  up  20  p.  c.  of  the  oil.  Sp.  gr. 
1.0121  at  14°;  b.  p.  126—127°  at  9  mm.;  aD  =  — 18° 30'.  The 
repulsive  odor  of  asafetida  oil  is  due  principally  to  this  compound. 

A  body  (CioHi«0)n.  Sp.  gr.  0.9039  at  22°;  b.  p.  189—145°  at  9  mm.; 
an= — 16°.  It  is  contained  to  the  extent  of  20  p.  c.  in  the  crude  oil. 
By  treatment  with  sodium,  cadinene  C15H34,  results. 

A  compound  CgHinSf.    B.  p.  92—96°  under  9  mm.  pressure. 

A  disulphide  Ci0HisS3.    B.  p.  112—116°. 

321.    Oil  of  Galbaunm. 
Galbsnunitt), 

Origin  and  History.  Galbanum,  a  gum  resin,  is  the  dried  milky 
juice  exuding  from  the  trunks  and  larger  branches  of  the  umbelliferous 
plant  Ferula,  rubricaulia  Boissier,  F.  galbaniSua,  Boissier  et  Buhse 
[Peuced&num  rubric&ule  H.  Baillon,  P.  galbuiiitiuum  H.  Baillon  and 
probably  also  of  Ferula  (Peueetlanum)  Seha.tr  growing  in  Persia. 

Distilled  oil  of  galbanum  was  prepared  by  Ryff,  by  Gesner,  and  by 
Rubeus.  It  was  included  in  the  1589  edition  of  the  Dispensatorium 
Noricum  and  in  the  Pharmacopoea  Augustana  of  1580,  and  mentioned 
in  apothecary  and  spice  ordinances  about  1560.  Early  cursory  in- 
vestigations of  the  oil  were  made  by  Neumann  about  1728,  by  Walther 
in  Leipzig  about  1744,  by  Fiddichow  in  1815 '  and  by  Meissner  in  1816. 3 

Preparation  and  Properties.  The  aromatic,  not  unpleasant  odor 
of  galbanum  is  due  to  its  large  content  of  volatile  oil.  The  yield  on 
distillation  is  different  according  to  the  age  of  the  drug  and  varies 
between  14  and  22  p.  c. 


byGoogle 


576  Special  Part. 

Oil  of  galbanum  is  yellowish,  has  the  sp-  gr.  0.910—0.940  and  turns 
the  ray  of  polarized  light  either  to  the  right  or  to  the  left,  id=+20° 
to  —10°.  According  to  Hirschsohn1  Persian  galbanum  yields  a  dextro- 
gyrate, levant  galbanum,  however,  a  laevogyrate  oil. 

Composition.  An  oil  investigated  by  Mossmer.3  which  boiled  almost 
completely  between  160  and  165°  cannot  be  considered  as  normal,  as 
the  distillation  with  water  from  a  glass  retort  will  yield  only  the  lower 
boiling  portions  and  not  the  difficultly  volatile,   higher  hydrocarbons. 

The  dextrogyrate  hydrocarbon  CioHib,  boiling  at  160 — 161°,  gave 
with  hydrochloric  acid  a  crystalline  compound,  which  agreed  completely 
in  its  properties  with  the  corresponding  body  from  turpentine  oil. 
Moesmer  did  not  succeed  in  obtaining  terpin  hydrate  with  nitric  acid, 
but  Fliickiger8  was  successful  in  preparing  it  in  this  manner.  The  terpene 
of  galbanum  oil,  is  therefore,  d-pinene. 

Fraction  270—280°  contains,  according  to  Wallach,*  cadinene, 
CibHb4,  the  presence  of  which  was  shown  by  the  preparation  of  its 
di hydrochloride,  melting  at  117—118°. 

322.    Oil  of  Snmbnl. 

Oleum  Smnbnll.  —  Moschuswnrzel-  oder  Siimlmlwurzelttl.  -  Es^enee  tfe  Sumbul. 

In  East  India  the  roots  of  several  aromatic  plants  are  designated 
as  sumbul.  The  root  of  Nardostachys  jatamansi  D.  C.  is  known  as 
Sum  but  Hindi,  the  root  of  Valeriana  celtica  L.  as  Sumbul  Ekfeti,  Sumbul 
Ekelti,  Sumbul  Kumi  and  Sumbul  italkus.*  The  root  of  Dorenw 
ammoniacum  Don.  often  used  for  adulterating  the  genuine  sumbul  root, 
is  known  as  Bombay  sumbul  or  Boi." 

The  genuine  sumbul  root  comes  from  Ferula  sumbul  Hooker  fll. 
Euryangium  snmbnl  Kauffmann)  and  was  first  brought  into  Europe  iu 
1835.  On  distillation  it  yields  0.2—0.4  p.  c.  of  a  viscous*  dark  colored 
oil  of  musk-like  odor,  and  a  sp.  gr.  of  0.9-14 — 0.964.  The  saponification 
number  of  the  oil  is  92  (single  determination).  It  is  not  soluble  in  10 
vol.  of  80  p.  r.  alcohol  but  in  an  equal  volume  of  90  p.  c.  alcohol. 

Nothing  is  known  as  to  the  composition  of  the  oil. 

323.    Oil  of  Gum  Ammoniac. 

Ammonfakguniralol. 
Origin  and  History.    The  flow  of  a  gum  resin  from  the  umbelliferous 
plant  Dorema  ammoniacum  Don.  (Peuced&num  ammoniacum  H.  Baillon), 

<)  Jahrwb.  I.  d.  Pharni.,  18~r>,  [j.  US.  *)  Liebift'n  Anoulen,  288,  p.  81. 

1)  LlebU'a  AnnaLen,  119,  p.  SB7.  «1  Pnarm.  .Touni..  I.  7,  p.  K46. 

>)  Pharmacognosy.  8rd  ed.,  p.  «5.  «)  Pharmacographla,  and  ed.,  p.  818. 
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rich  in  milky  sap,  is  produced  by  insects.  The  gum  resin,  hardened  by 
contact  with  the  air,  wae  used  in  antiquity  on  account  of  its  pleasant 
odor,  as  incense,  and  together  with  other  resins  for  embalming  and 
probably  also  as  a  remedy.  The  plant  grows  on  sterile  ground  in  many 
parts  of  anterior  Asia  and  in  eastern  North  Africa.  The  botanical  source 
of  the  gum  resin  was  determined  in  1829  by  David  Don  of  London.1 

The  oil  of  gum  ammoniac  was  distilled  by  Ryff,  Cord  us  and  Gesner 
and  is  included  in  the  Frankfurt  tax  for  the  year  1587  and  in  the 
Diepeneatorium  Noricum  of  1589. 

Earlier  investigations  were  made  by  Buehholz3  and  by  Calmeyer8 
in  1808,  by  Braconnot*  in  1809,  and  by  Hagen"  in  1811. 

Properties.  The  ammoniacnm  of  commerce  gives  on  distillation 
0.3  p.  c.  of  a  dark  yellow  oil,  smelling  strongly  of  the  crude  material, 
and  reminding  vividly  of  angelica.8 

It  is  slightly  dextrogyrate,7  has  the  sp.  gr.  0.891  at  15°  and  boils 
principally  from  250  to  290°.  Between  155  and  170°  only  a  small 
portion  goes  over.8    It  is  free  from  sulphur. 

324.  Oil  of  Pencedannm  Oreoselintun. 

Bergpeterslllenol. 

Schnedermann  and  Winkler0  in  1844  prepared  from  the  fresh  herb 
of  Peacedanum  oreoaelmum  Moench  {Athmnnntu  oreoselinmn  L.)  a 
volatile  oil  by  water  distillation.  It  had  a  strong,  aromatic  odor,  some- 
what simitar  to  juniper.  Sp.  gr.  0.843.  It  boiled  at  163°  and  consisted, 
as  is  seen  from  the  analysis,  almost  entirely  Of  terpenes.  With  hydro- 
chloric acid  a  liquid  mo  no  hydrochloride  OioHieHCl  was  obtained. 

Which  terpeue  or  terpenes  are  the  basis  for  this  compound  cannot 
be  decided  from  the  meagre  results  given. 

325.  Oil  of  Pencedannm  Oatruthium. 

Prom  the  dry  root  of  Peucedannm  ostrutbium  Koch  (Iwperatoria 
ostrutbium  L.)  0.2—0.8  p.  c.  of  oil  are  obtained  by  distillation.    It  has 

>)  Buchner's  ltepert..  87,  p.  113;  Trans,  of  the  Llnnenn  Soc.  of  London,  16,  p.  601. 

i)  Taachenb.  f.  SchetaekDnstler  a.  Apotta.,  1S09,  p.  170. 

■)  Trommadorfl't  Joura.  d.  I'harm..  17,  II,  p.  82. 

*)  Ana.  de  Chlm.,  68;  TrommsdorfTi  Joura.  d.  Ph&rm.,  18,  1,  p.  302. 

•)  Berl.  Jahrbtirh  d.  PbarmadB,  181Q,  p.  05. 

«)   Bericht,  top  S.  ft  Co.,  Apr.  1890,  p.  47. 

'1  Pbnrmacog;no*h),  Qrd  ed.,  p.  78. 

»}  Archlv  d.  I'harm..  288,  p.  368. 

*)  Lleblg'a  Annulen,  31,  p.  888. 
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an   odor  reminding  strongly  of  angelica   oil,  and  a   biting   aromntie 
taste.    It  baa  a  up.  gr.  of  0.877 1  and  boils  from  170  to  190°. 

The  investigations2  made  up  to  the  present  have  thrown  no  light 
on  the  composition  of  the  oil. 

326.    Oil  of  Dill. 

Oleum  Anethi.  —  DilliU.  -  Essence  d'Aneth. 

Origin  and  History.  The  fruit  of  the  dill,  Peucedanum  gruveolens 
Benth.  et-Hook.  (Anethum  graveolens  L.J,  an  umbelliferous  plant, 
indigenous  to  the  Caucasus  and  Mediterranean  countries,  but  now 
cultivated  in  many  other  places,  has  been  known  since  antiquity. 

In  the  treatises  on  distillation  of  the  fifteenth  and  sixteenth  century 
the  distillation  of  dill  is  often  mentioned.  In  German  apothecary  and 
spice  ordinances,  dill  oil  is  first  mentioned  in  that  of  Frankfurt-on-t he- 
Main  for  1587. 

Preparation.  Dill,  which  on  account  of  its  aromatic  seed  is  culti- 
vated in  Bavaria,  Thuringia  and  Koumania,  yields  on  distillation  3 — 1 
p.  e.  of  oil.  The  dried  distillation  residues  contain  14.3 — 15.6  p.  c.  of 
protein  and  15.5—18  p.  c.  of  fat  and  are  used  as  cattle  food." 

Properties.  The  oil,  though  colorless  at  first,  soon  becomes  yellow 
on  keeping.  The  odor  reminds  strongly  of  caraway  oil,  yet  can  be 
distinguished  from  this  by  its  peculiar  dill  aroma.  The  taste  is  at  first 
mild,  later  sharp  and  burning.  Sp.  gr.  0.895  (as  a  rule  above  0.9001 
to  0.915;  aD  =  +  75  to  +80°.  Dill  oil  is  soluble  in  5—8  parts  of  80 
p.  c.  alcohol  to  a  clear  solution. 

Composition.  Carvone,*  present  to  the  extent  of  40 — 60  p.  c.  is  the 
most  important  constituent  of  dill  oil.  As  dill  carvone  has  tbe  same 
rotatory  power,  as  well  as  the  other  properties  of  the  can-one  from 
caraway  oil,  the  two  are  to  be  considered  as  entirely  identical  (Beyer5). 
(Cora.  p.  160.) 

As  far  as  the  terpenes  in  the  oil  are  concerned,  Wallach0  has  shown 
the  presence  of  limonene  in  fraction  175—180°  by  preparing  its  tetra- 
bromide  melting  at  104—105°. 


■  )  Berlcht  Ton  S.  &  Co.,  Oct.  1887.  p.  35. 

*)  Hlrcel  (184»),  Journ.  f.  prakt.  Cbem.,  46.  p.  292;  Phnrm.  Ceotralbl.. 
Wagner  (18S4).  Journ.  f.  prakt.  Cham..  82,  p.  280. 

*»  Die  lanuwlrthschaftllchcn  Venucant&tloneD,  42,  p.  62. 

»)  Journ.  Chem.  Sac..  2D,  p.  1;  Jahresb.  I.  Chem.,  187S.  p.  816. 

")  Ai-vhtv  d.  Pharm..  221,  p.  288. 

«>  Lteblg'a  Annalen,  227.  p.  292. 
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Limonene  is  the  principal  hydrocarbon  of  dill  oil.  Other  terpenes 
are,  however,  present.  Nietzki '  in  1874  isolated  10  p.  c.  of  a  hydro- 
carbon, CioHm,  boiling  at  155—160°,  which  yielded  on  treatment  with 
dilute  acid  terpin  hydrate,  but  gave  no  crystalline  hydrochloride. 
Sc  him  me  I  &  Co.3  report  on  an  oil  distilled  in  England,  in  which  a 
decided  phellandrene  reaction  was  obtained  with  sodium  nitrite  and 
glacial  acetic  acid.  On  repeating  this  test  on  German  oil,  the  reaction 
for  phellandrene  failed  completely,  using  the  oil  as  a  whole.  By  using 
the  first  fraction,  however,  the  phellandrene  conld  also  be  detected  by 
the  formation  of  the  nitrite.  Spanish  oil,  like  the  English,  readily  gives 
the  reaction  Tor  phellandrene.8 

Dill-apiol,  boiling  at  28.1°  and  found  in  the  East  Indian  dili  oil,  does 
not  occur  in  the  German  oil.  In  a  fractional  distillation,  made  for  the 
purpose  of  detecting  this  body,  it  was  found  that  the  oil  contains  no 
constituents  boiling  higher  than  carvone.2  In  the  flask  remained  a 
alight  residue,  solidifying  to  a  solid  mass,  which  crystallized  from 
petroleum  ether  in  colorless  laminae,  melting  at  64°.  As  must  be  con- 
cluded from  its  indifference  to  concentrated  sulphuric  acid,  it  consisted 
of  paraffin. 

327.    Eaat  Indian  Dill  Oil. 

The  oil  obtained  from  the  East  Indian  and  Japanese  dill  of  Anethum 
sown  D.  C,  differs  from  that  of  Anethum  grtiveolens  L.  not  only  physi- 
cally but  also  in  its  chemical  compostion.* 

The  East  Indian  dill  oil  (yield  2—3  p.  c.)  has  the  sp.  gr.  0.948 B  to 
0.9708  and  the  rotatory  power  «d  =  +  41°30"t  to  +  47°30'.8  For  the 
Japanese  oil,  I'mney  observed  the  sp.  gr.  0.964  and  the  angle  of 
rotation  «d  =  +  50°30'. 

In  the  distillation  a  part  heavier  than  water  separated  at  the 
bottom  of  the  receiver,  a  phenomenon  which  has  never  been  noticed 
with  the  common  dill  oil.8    This  specifically  heavier  portion  consists, 

i)  ArchlT  d.  Pharm.,  201,  p.  817. 

>)  Bericht  tod  B.  &  Co..  Apr.  1897,  p.  13. 

■  )  Bericht  Ton  S.  &  Co..  Oct.  1808.  p.  20. 

*)  Although  FMcklger  and  H  anbury  (Pharmacofrraphla)  do  not  regard  East  Indian 
dill  as  a  separate  apeclea.  more  recently  aclentlaU  are  more  Inclined  to  regard  the 
Indian  (and  Japanese)  dill  an  a  distinct  specie*  (Anetbam  sown  D.  C.)  on  account  of  the 
botanical  as  well  as  on  the  decided  chemical  differences.  (Camp.  Umney,  Phurm.  Journ., 
61,  p.  176;  also  Bericht  too  8.  *  Co.,  Oct.  1898,  p.  18.) 

»)  Pharm.  Journ.,  Ill,  23.  p.  97T. 

«)  Bericht  von  3.  *  Co.,  Oct.  1891,  p.  12. 

I)  Bericht*,  39,  p.  1799. 
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according  to  an  investigation  of  Ciamician  and  Silber,1  of  a' body 
closely  related  to  and  isomeric  with  the  apiol  from  parsley  oil,  called 
dill-apiol. 

Dill-apiol,  CuHi+O*,  is  a  thick  oily  fluid  which  boils  at  162°  under 
11  mm.  pressure,  and  at  285°  under  atmospheric  pressure.  By  the 
action  of  bromine  in  excess  the  dibromide  of  monobrom-apiol,  crystal- 
lizing in  colorless  prisms  and  melting  at  110°,  is  formed. 

Dill-isoapiol  is  obtained,  analogous  to  isoapiol,  by  heating  dill-apiol 
with  dry  sodium  ethylate  to  150—170°.  It  forms  colorless,  shining 
prisms  melting  at  44°  and  boiling  at  296°  with  Blight  decomposition. 

By  oxidation  of  the  dill-isoapiol  with  potassium  permanganate  the 
following  substances  were  obtained:  1)  Apiol  aldehyde,  CioHmOs,  white 
needles,  m.  p.  75°;  2)  apiolic  acid,  CioHmOs,  m.  p.  151—152°.  3)  apiol 
ketonic  acid,  C11H10O7,  light  yellow  laminae,  m.  p.  175°. 

By  fusing  the  dill-apiolie  acid  with  potassa,  dimethyl  apionol  carbonic 
acid  is  formed,  which  by  dry  distillation  yields  quantitatively  dimethyl 
apionol,  boiling  at  283°.  This  can  be  readily  changed  by  methyl  iodide 
into  tetramethyl  apionol  melting  at  89°  and  identical  with  that  obtained 
from  parsley-apiol. 
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Which  of  these  two  formulas  belongs  to  the  apiol  from  parsley  oil 
and  which  to  that  from  dill  oil  is  still  to  be  determined. 

328.    Oil  of  Pencedanum  Sativum. 

Paflttnftkol. 

The  dried  fruit  of  Pencedanum  sativum  {Pastinaca  eativa  L.)  yields 
by  distillation  with  water  vapor  1.5  to  2.5  p.  c.  of  oil.8  The  oil  is 
yellowish  and  has  a  penetrating,  persistent  odor.  Sp.  gr.  0.87—0.89; 
ab  =— 0°15'to— 0°30/;  saponification  number  about  170. 

Composition.  The  chemical  composition  of  the  oil  appears  to  change 
with  the  ripening  of  the  fruit. 

Van  Renesse8  in  1873  found  that  the  greater  part  of  an  oil,  distilled 
from  the  ripe  fruit,  boiled  between  244  and  245°  and  consisted  of  the 
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©ctyl  eater  of  normal  butyric  acid.  The  acid  contained  in  the  portion 
distilling  over  below  244"  gave  on  the  analysis  of  its  silver  salts  figures 
which  point  to  a  mixture  of  butyric  acid  with  an  acid  of  less  carbon 
content.  Whether  this  is  propionic  acid,  as  van  Renesse  suspect's,  or 
some  other  acid,  cannot  at  present  be  decided. 

An  oil  distilled  by  Gutzeit1  from  ripe  and  half  ripe  fruit  was  less 
simple  in  composition :  It  consisted  for  the  greater  part  of  the  following 
three  fractions : 

195—210° 58.6  p.  n. 

288-240° 29.8     " 

240-270° 12.1     " 

The  presence  of  ethyl  alcohol  was  shown  by  tiutzeit  in  the  distil- 
lation water. 

329.    Oil  from  the  Fruit  of  Pencedannm  Grande. 

The  oil  from  the  fruit  of  Penced&num  grande  C.  B.  Clarke  has  an 
exceedingly  strong,  spicy  odor,*  reminding  of  the  carrot  oil.  Sp.  gr. 
0.9008  at  15.5°;  aD=  +  36°.  It  boils  from  185—228°,  leaving  a  quite 
large  residue.8 

330.    Oil  of  Pencedannm  Root. 

The  dry  root  of.  PMicedannm  offlcina/e  L.  gives  0.2  p.  c.  of  a 
yellowish-brown  oil*  of  an  intensive,  persistent  odor,  hardly  pleasant 
and  reminding  most  of  senega  root. 

Sp.  gr.  0.902;  «D  =  +  29°4';  saponification  number  62.  Upon 
standing  in  the  cold  the  oil  separated  a  Bolid  body,  which  when  twice 
recrystallized  from  alcohol  formed  somewhat  yellowish  laminae  melting 
at  100°. 

331.    Oil  of  Heracleum. 
BXrenkUnol. 

The  oils  obtained  from  the  fruits  of  different  species  of  Heracleum 
are  of  no  practical  importance,  but  are  very  interesting  from  a  scientific 
point  of  view.  On  the  one  hand  because  the  esters  of  the  fatty  acids 
of  alcohols  of  the  paraffin  series,  otherwise  difficult  to  obtain,  are  con- 
tained in  them,  and  on  the  other  hand,  because  the  predominant  con- 
stituents in  different  stages  of  the  development  of  the  fruit  allow  of 
drawing  certain  conclusions  in  plant  physiology.    It  has  namely  been 

i)  Lleblg's  Anuni™.  ITT,  p.  8T3. 
»>  Bertcht  von  8.  *  Co..  Apr.  1801,   p.  60. 
■  )  PharmncoKraphia  IntUcn,  vol.  3,  p.  130. 
»)  Bericnt  von  &  *  Co.,  Apr.  1890,  p.  78. 
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determined  that  not  only  the  oil  content,  but  also  the  chemical  com- 
position of  the  oil  in  dependent  on  the  stage  of  ripeness  of  the  seed. 
In  the  oils  distilled  from  half  ripe  fruit,  compounds  of  low  carbon  con- 
tent are  found  which  are  absent  from  the  oil  of  the  ripe  fruit,  and 
which  seem  to  disappear  in  the  course  of  the  ripening.  From  this  it 
appears  that  the  bodies  of  low  carbon  content  are  first  formed  in  the 
truit,  and  are  then  used  for  the  building  up  of  the  compounds  of  higher 
carbon  content. 

The  yield  of  oil  varies1  with  the  fruit  of  Herncleurn  sphondytium  L. 
from  0.3 3 — 8  p.  c.a  The  oil  is  a  yellowish,  acid  reacting  liquid,  of  a 
penetrating  and  persistent  odor  and  a  sharp  taste.  Sp.  gr.  0.80  to 
0.88.  The  rotatory  power  observed  on  two  oils  was  +0°lo'  and 
+  0°16';  saponification  number  260—290. 

Composition.  An  oil  investigated  by  Zincke2  in  1809  boiled  from 
190—270°  and  consisted  principally  of  acetic  and  capronic  acid  esters  of 
normal  oetyl  alcohol.  The  free  octyl  alcohol  also  shown  to  l>e  present 
is  probably  not  a  normal  constituent  of  the  oil,  but  a  decomposition 
product'  of  the  ester,  formed  during  the  steam  distillation  of  the  oil. 

Two  oils  distilled  by  Moslinger*  in  1870  were  somewhat  more 
complex  in  composition.  They  boiled  from  110—291°  and  contained  the 
following  constituents:  1)  Ethyl  butyrate;  2)  an  hexyl  compound, 
probably  hexyl  acetate;  3)  esters  of  octyl  alcohol,  principally  the 
acetate,  caprimite  and  laurinate  and  possibly  also  esters  of  the  acids 
lietween  capronic  and  laurinic  acids;  i)  methyl  and  ethyl  alcohol,  as 
well  as  ammonia,  were  found  in  the  distillation  water. 

332.    Oil  from  the  Fruit  of  Heracleum  Gigautenm. 

The  oil  investigated  by  Franchimont  and  Zincke8  in  1872  had  been 
distilled  from  a  foreign  heracleum  species,  most  probably  from  H.  gigan- 
tism L.     Its  principal  constituents  were  hexyl  butyrate  and  octyl  acetate. 

By  the  distillation  of  the  not  fully  ripe  fruit  of  H.  gig&nteum  L.. 
(iiitzeit8  in  187"i  obtained  0.56  p.  c,  from  the  ripe  and  partly  dried 
fruit,  however,  2  p.  c.  of  oil.  Upon  fractional  distillation  it  boiled  from 
180—  250°.    Fraction  130—170°  contained  ethyl  butyrate. 

>)  The  great,  vnrintlon  In  the  yield  obtained  by  illfterent  int-e«tlg(ito»  I"  not  to 
much  iltie  to  ciinVrenceK  in  the  oil  content  of  the  fruit  n»  to  difference*  In  the  percentage 
of  water.  1.  e..  differences  in  the  Hinge  of  drying. 

»)  Ufblg'H  Annnlen,  1.12.  p.  1. 

»  Berlcht  vim  S.  &  Co.,  Oct.  18*0,  p.  3B. 

*1  Ilerlchte.  ».  u.  0i>H :    Lleblga  Annnlen,  lWi,  u.  ao. 

S)  IJehlg'M  Annnlen.  103.  |>.  l'.IS. 

")  Llehig'H  Annnlen,  177.  p.  344 
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Methyl  and  ethyl  alcohol  were  found  in  the  distillation  water. 
The  methyl  alcohol  was  more  prominent  in  the  distillation  of  the  ripe 
fruit,   whereas  with  the  unripe  fruit  the  ethyl  alcohol  was  present  in 

larger  quantity. 

333.    Oil  of  Daucna  Carota. 

MShrenBI. 

The  oil  distilled  from  the  fruit  of  the  wild  carrot,  Daueus  carota  L. 
is  colorless  to  yellow  and  has  a  pleasant,  carrot-like  odor.  Yield  0.8 — 1.6 
p.  c;  sp.  gr.  0.871)— 0.023;  nD  =  — 13  to  —37°. 

According  to  Landsberg1  (1800)  the  principal  constituent  of  the 
oil  is  a  terpene,  CinHie,  boiling  at  159 — 161°,  sp.  gr.  0.8525  at  20°, 
ud=+  (?)32.3°.  By  direct  bromination  it  yields  a  liquid  dibromide, 
after  heating  to  280°,  dipentene  tetrabromide,  melting  at  123—125° 
results.    It  is  therefore  to  be  considered  as  pinene. 

Upon  fractionation  of  the  parts  boiling  above  200°,  the  splitting 
off  of  water  and  acetic  acid  was  noticed.  The  chemical  nature  of  the 
compounds  giving  rise  to  this  phenomenon  has  not  been  determined. 

Carrot  root  gives  only  0.0114  p.  c.  of  a  colorless  oil  by  distillation. 
Sp.  gr.  0.8803  at  11.2°  (Wackenroder.*  1831). 

334.    Oil  of  Oamorrhiza  Longistylla. 

The  root  of  the  umbelliferous  plant  Osmorrhiza.  longistjlis  Raflnesque, 
known  in  North  America  as  sweet  cicely,  sweet  root  or  sweet  anise, 
smells  distinctly  of  anise  and  fennel  (Green,8  1882).  Induced  by  this, 
Eberhardt*  in  1887  subjected  the  root  to  distillation  and  obtained 
0.63  p.  c.  of  oil  having  a  sp.  gr.  of  1.0114  at  10°.  It  solidified  at 
10—12°  and  again  became  liquid  at  10°. 

On  distillation  the  oil  began  to  boil  at  180°;  the  thermometer  then 
rose  rapidly  to  225°,  the  main  portion  going  over  from  225—230°, 
while  only  a  small  part  went  over  from  230—280°.  The  fraction 
226 — 227°  consisted,  as  its  properties  show,  of  nnethol.  By  oxidation 
anisic  acid  melting  at  184°  was  obtained. 

The  fraction  boiling  about  250°  gave  with  bromine  a  bromide 
crystallizing  in  rhombic  plates,  melting  at  130°.  The  nature  of  the 
compound  forming  the  basis  of  this  bromide  was  not  determined. 

i|  Arcblv  d.  Pharm.,  228.  p.  S3. 
»>  Magai.  d.  Pharm.,  88,  p.  1M. 
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The  volatile  oil  of  Monotropa  hypopitys  L.  (Family  Pirolaeeae),  often 
found  parasitic  on  roots  in  forests,  was  first  prepared  in  1857  by 
Winckler.1  From  the  plant  almost  in  full  bloom,  Winckler  distilled  an 
oil  which  was  identical  with  wintergreen  oil  from  Gaultheria  procumbens. 
More  recently  (1894)  Bourquelota  again  showed  the  identity  of  this  oil 
with  that  of  wintergreen.  From  his  investigation  it  follows,  that  the 
oil  does  not  exist  in  the  plant  as  such,  but  is  present  as  a  glucoside, 
which  is  probably  identical  with  the  gaultherin  isolated  by  Schneegans 
and  Gerock8  from  the  bark  of  Betula  lenta.  This  glucoside  splits  up 
under  the  influence  of  a  ferment  contained  in  the  plant,  or  by  dilute 
sulphuric  acid,  into  methyl  salicylate  and  glucose.  Neither  the  emulsin  of 
almonds,  nor  the  diastase  of  malt,  nor  the  ferment  of  saliva  are  capable 
of  splitting  up  the  gaultherin. 

336.    Oil  of  Labrador  Tea. 

Oleum  Ledl  PaluBtrls.  —  Porschol.  —  Essence  de  Led  on. 

All  parts'  of  Ledum  pa-lustre  L.  (Family  Ericaceae)  yield  on  distil- 
lation 0.8 — 2  p.  c.  of  volatile  oil,  which  is  usually  so  rich  in  stearoptene 
that  it  solidifies  at  ordinary  temperature.  Sometimes,  however,  no 
crystalline  separation  can  be  effected,  even  by  placing  separate  fractions 
into  a  freezing  mixture.*  The  reason  for  this  fluctuation  in  yield,  as 
well  as  in  composition,  of  the  oil,  lies  according  to  Trapp  in  the  different 
stages  of  development  of  the  plant  parts  subjected  to  distillation.  If 
a  large  yield  and  an  oil  rich  in  stearoptene  is  desired,  the  twigs  must 
be  distilled  before,  during,  or  immediately  after  blossoming.  Hjelt  on 
the  other  hand  could  notice  no  decided  influence  of  the  season  or  growth 
on  the  amount  of  volatile  oil. 

Properties.  Oil  of  Labrador  tea  is  a  greenish  or  reddish  viscid 
liquid  of  a  penetrating  narcotic  odor  and  sharp,  unpleasant,  persistent 
taste.  Sp.  gr.  0.93—0.96.  The  portions  of  the  oil  not  consisting  of 
ledum  camphor  boil  between  180—250°, 

Composition.    The  oil  first   prepared   by  R&uchfuss6  in  1796  has 

i)  Seuea  Jahrb.  d.  Pharm.,  T.  p.  107;  Vierteljulirsm-lirltt  I.  prakt.  Pharm.,  6,  p.  371: 
Jabrenb.  t.  Cbemle.  1857.  p.  S20. 

3)  Joura.  de  I'banii.  et  Chlm.,  V,  SO,  p.  4S5;  and  VI.  8,  p.  577:  Compt.  rand..  11 B. 
p.  602:  unil  122,  p   1002. 

*)  Archlv  d.  Pharm.,  282,  p.  487. 

•)  Berlcht  »on  S.  *  Co.,  Oct.  1887,  p.  S5. 

»)  Trommidorfl'B  Journ.  d.  Pharm.,  8,  p.  189. 
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since  been  investigated  by  numerous  chemists.1  The  chemical  nature  of 
ledum  camphor,  however,  has  only  lately  been  cleared  up  by  Rizza9 
and  Hjelt.8  » 

Ledum  camphor  crystallizes  from  alcohol  in  fine  long  needles  melting 
at  104—105°.  It  boils  at  282—283°  and  is  slightly  dextrogyrate  in 
alcoholic  solution,  [a]j  =  +7.980.  Ledum  camphor  is  a  sesquiterpene 
hydrate  CisHieO,  the  hydroxy  group  of  which  is  so  labile,  that  its 
alcoholic  nature  cannot  be  directly  proven.  By  treatment  with  benzoyl 
chloride  or  sulphuric  acid  ledene,  CioHa*.  results  with  splitting  off  of 
water.  Ledene  is  a  sesquiterpene  boiling  at  255°.  Oxidation  with 
■  nitric  acid  produces  oxalic  acid.  Potassium  permanganate  does  not  act 
upon  it,  which  indicates  that  ledum  camphor  is  a  tertiary  alcohol. 

According  to  experiments  by  Sundvik.  ledum  camphor  is  a  poison. 
acting  strongly  on  the  central  nervous  system. 

337.  Oil  of  Winter-green. 
Oleam  Gaul  the  rise.  —  Wintergrnnol.  —  Essence  de  Oanltherla. 
Origin  and  History.  Wintergreen,  Gaaltberia  procumbens  L. 
(Family  Ericiceae)  grows  from  the  New  England  States  to  Minnesota 
and  south  as  far  as  Georgia  and  Alabama.  On  account  of  the  peculiar 
pleasant  odor  and  taste  which  develops  when  the  plant  is  chewed,  it  was 
early  used  by  the  natives.  The  distillation  of  the  oil  was  probably 
begun  in  the  first  decades  of  this  century  along  with  that  of  sassafras 
bark  (p.  395)  and  birch  bark  (p.  331)  in  the  states  of  Pennsylvania, 
New  Jersey  and  New  York.  At  first  these  aromatics  were  used  for 
chewing,  later  for  the  preparation  of  refreshing  beverages  and  borne 
remedies,  and  especially  for  the  much  used,  supposed  blood  purifiers. 
When  the  preparation  of  the  volatile  oils  was  successful,  these  were  often 
used  instead  of  the  aqueous  extraction  of  the  drug.  This  use  is  of  con- 
siderable importance  to  the  history  of  the  introduction  of  wintergreen 
and  sassafras  oils,  as  both  of  these  were  used  as  popular  remedies  in 
the  United  States  since  the  beginning  of  this  century  under  the  title  of 
patent  medicines.    The   preparation   and   use   of  these  remedies  soon 


r  (1812),  Bert.  Jahrb.  d.  Pharm..  18.  II.  p.  170.  —  Gra*amann  (1881), 
Rep.  1.  d.  Pharm.,  88,  p.  BB.  —  Bucbner  (1808),  Ibid.,  p.  137.  and  Neuea  Kep.  t.  d.  Phartn., 
O,  p.  1.  —  WIDIgk  (1862).  Wiener  Academ.  Berichte,  9,  p.  802,  —  Frflhfle  (1861),  Journ. 
f.  prakt  Chein.,  82.  p.  181.  —  Trapp  (1869),  Zeluchr.  t.  Chum..  5,  p.  830;  Bericbte, 
8  U87B),  p.  542;  Pharm.  Zrttuchr.  t.  Rural..  84  (1895),  pp.  501  and  661.  —  Ivauov 
(1B78).  Pharm.  Zfitschr.  f.  Rami.,  6,  p.  BT7.  —  Hjelt  4  Collan  (1882),  Bericbte.  IB, 
p.  25«0.  —  ft  Ilia  (18881,  Berichte.  13.  p.  2811. 

t)  Zeltscbr.  der  nisi,  pbya  -chem.  Gee.,  10.  I.  p.  810.    Chem.  Central!)!.,  1887,  p.  12BT. 

*)  Berichte,  28,  p.  8087. 
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became  general  and  with  it  came  a  greater  demand  tor  the  oils.  Winter- 
green  oil  was  especially  in  demand  for  the  preparation  of  one .  of  the 
oldest  popular  remedies  in  the  United  States,  namely  Swaim's  Panacea, 
introduced  in  1815,  which  at  that  time  had  an  enormous  sale  and  in 
the  efficiency  of  which  great  confidence  was  placed. 

Wintergreen  oil  appears  not  to  have  been  used  at  that  time  for 
other  purposes.  The  first  mention  of  it  in  literature  is  found  in  a 
botanical  work1  by  Bigelow,  a  physician  of  Boston,  published  in  1818. 
In  it,  gaultheria  oil  is  mentioned  as  a  stable  article  of  the  drug  stores, 
and  also  that  this  oil  occurs,  besides  in  Gaultheria.,  also  in  Spiraea, 
uimariii,  the  root  of  Spiraea  lobuta,  and  especially  in  the  bark  of 
Betulu  lenta."  In  pharmacopeias,  the  oil  was  first  taken  up  in  that  or 
the  United  States  of  1820.  The  medicinal  use  of  the  oil  did  not  become 
general  until  after  1827,  when  the  Sew  York  Medical  Society  made 
known  its  use  in  the  preparation  of  the  popular  specific  mentioned  above.8 

Although  the  similarity  of  the  volatile  oil  from  Gaultheria  proeum- 
beiia  L.  with  that  from  the  bark  of  Betulu  leota  L.  was  known  before 
1818, 1  the  identity  of  their  principal  constituent  was  shown  scientifically 
about  the  same  time  by  Win.  Procter  jr.*  of  Philadelphia  in  1842 
and  Cahours"  in  1844.  From  that  time  on  the  oil  was  no  longer 
distilled  exclusively  from  wintergreen,  but  often  from  this  together  with 
birch  bark,  or  only  from  the  latter.  The  oil  came  more  and  more  into 
use  as  an  aromatic  for  pharmaceutic  and  cosmetic  preparations,  for 
beverages  and  medicinal  remedies,*  and  thus  became  an  important 
article  of  commerce.  In  recent  times,  however,  it  was  often  adulterated 
with  kerosene  and  alcohol.7 

Besides  the  investigations  mentioned  above,  the  oil  lias  been  more 
recently  examined  by  Pettigrew"  in  1883,  by  Power  and  Werbke"  in 


■  1  American  Mwllcnl  Fiotany.  vol.  2,  p.  28, 

')  According;  to  the  In ventlBn tlnn»  of  Boiittiuelot  (Uompt.  rend..  Ill),  p.  M02,  and 
122.  p.  10(12),  SchnwKanx  unci  Gerock  (Arehlv  il.  Pharm..  282,  p.  -189).  methyl  nailer- 
Late  In  produced  by  the  decomposition  ol  the  jclncoslde  Baultherln  b.r  the  ferment 
bet ulnae.  Thin  (tlueoHiile  Heemn  Co  occur  not  only  In  wlnterareeo  and  sweet  birch,  but 
alao  In  a  number  of  other  plant*,  e.  a-.  In  the  rontB  of  varloiiH  polyjcnla  specie*.  In  thoee 
ol  splrsen  ulmnrln.  tt.  Bllimndaln.  8.  aalMtbllB.  8.  Intuitu,  and  the  flower*  of  A ta.hu.  In 
Munntrtipa  hypnpityn.  and  many  other  plant*.  An  to  GKotthntu  pmcumbens,  a  part  of 
Che  oil  neema  to  occur  aH  Mich  in  the  leaven,  for  by  crushing;  thein  a  ntron(t  odor  of 
methyl  salicylate  Is  developed. 

s>  Pharm.  Review,  16.  p.  17f>;  Am.  .lourn.  Pharm..  3.  p.  190. 

*)  Am.  Journ.  Pharm..  1+.  p.  211. 

5]  Anual.  tie  Chlin.  et  Phya..  III.,  10.  p.  327:  Llebls;'"  Annalen,  *«,  p.  8(1:  32,  p.  M27. 

«)  New  York  Medical  Record.  22.  p.  son;  SqnlblCs  KphenierlH,  3.  p.  ifji>. 

')  Pharm.  Rn arisen au,  7.  p.  2K«. 

»1  Am.  Journ.  Pharm.,  38,  p.  M'i ;  and  .".«.  p.  380. 

*l   Pharm.  KunriHehau.  (I,  p.  208:    7,  p.  2M3  :  S.  p.  HS;   111.  p.  7. 
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1888—1892  and  finally  by  Power  and  Kleberi  in  1895,  who  determined 
the  nature  of  the  constituents  other  than  methyl  salicylate. 

Methyl  salicylate  is  prepared  on  a  large  scale  and  brought  into  the 
market  aB  artificial  oil  of  wintergreen  since  1886  by  the  firm  of  Schhn- 
mel  £  Co.    It  is  official  in  the  U.  S.  Pharmacopoeia. 

Preparation.  The  preparation  or  oil  of  wintergreen  has  always 
been  carried  on  in  a  primitive  manner,  the  distillation  being  conducted 
by  smaller  farmers  at  the  place,  of  growth.  This  was  first  done  in  the 
New  England  states'  and  later  in  the  mountain  and  forest  districts  of 
the  states  of  New  York,  New  Jersey,  Pennsylvania,  Virginia,  and  Mary- 
land. Usually  old  copper  whisky  stills  of  various  sizes,  mostly  from 
200  to  400  gals,  capacity,  serve  as  stills.8  Sometimes  the  distillation 
is  done  in  boxes  of  oak  wood  about  8  ft.  long,  4  ft.  high,  and  4 — 5  ft. 
broad,  mostly,  however,  in  larger  alcohol  barrels,  held  together  by  strong 
iron  hoops,  the  perforated  bottom  of  which  is  placed  as  tightly  as 
possible  into  a  suitable  cast  iron  kettle,  which  is  filled  with  water  for 
distillation.  On  the  upper  part  of  the  barrel  is  placed  a  copper  helm. 
which  is  connected  with  a  condensing  worm  in  a  large  wooden  tub. 

In  the  distillation,  which  is  carried  on  for  only  a  few  months  in  the 
year,  the  still,  barrel  or  box,  i.«  filled  with  finely  chopped,  well  wetted 
plants.  The  charge  is  allowed  to  stand  over  night  and  firing  begun  in 
the  morning.  The  distillation  is  usually  complete  in  eight  hours.  About 
90  p.  c.  of  the  oil  pnss  over  during  the  first  2—3  hours,  the  remaining 
10  p.  c.  in  the  course  of  the  next  8 — 1  hours.  The  crude  oil  is  colored 
dark  by  the  iron  of  the  condenser.  Tlie  small  producers  sell  the  crude 
oil  obtained  to  wholesale  druggists,  who  purify  it  by  rectification.* 

Properties.  Gaultheria  oil  is  a  colorless,  yellow  or. reddish  liquid 
of  a  characteristic,  strongly  aromatic  odor,  which  is  distinctly  different 
from  that  of  the  oil  from  Betuln  leota.  The  sp.  gr.  is  1.180—1.187. 
the  boiling  temperature  lies  between  218  and  221°. 

Gaultheria  oil  differs  from  the  inactive  betula  oil  in  being  slightly 
optically  active,  bd  =  — 0°23' to  — 1°.  It  yields  a  perfectly  clear  solution 
with  6  p.  of  70  p.  c.  alcohol  at  20°.  This  property,  together  with  the  sp. 
gr.  and  the  optical  rotation,  allows  of  the  ready  detection  of  most  of  the 
adulterants,  especially  the  frequent  one  with  petroleum.  Mixtures  with  the 
otherwise  equal  oil  of  Betuln  lenta,  or  with  artificial  methyl  salicylate,  can 
only  be  detected  by  the  depression  of  the  rotatory  power  below  — 0°25'. 
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The  details  for  further  testa  have  been  described  under  oil  of  birch 
bark,  page  334. 

Composition.  The  principal  constituent  of  wintergreen  oil,  the 
methyl  salicylate,  was  recognized  by  Cahours.  and  Proctor1  at  the 
beginning  of  the  forties.  Quite  contradictory  views  existed  as  to  the 
nature  of  the  other  constituents.  Power  and  Klebera  in  1895  cleared 
up  the  nature  of  the  constituents  other  than  methyl  salicytate  iu 
wintergreen  and  also  in  birch  bark  oil.  In  order  to  prevent  any  possible 
decomposition,  these  chemists  did  not  employ  the  saponification  method, 
which  had  been  used  so  far  in  the  investigation  of  this  oil,  for  the 
separating  of  the  unknown  compounds.  They  took  advantage  of  the 
property  of  the  methyl  salicylate  to  form  a  solid  salt  with  potassa,. 
potassium  methyl  salicylate.  The  total  amount  of  salicylic  ester  was 
removed  from  the  oil  by  shaking  repeatedly  with  7.5  p.  c.  potassa 
solution.  Only  1.05  p.  c  of  the  oil  did  not  combine  with  the  potassa  and 
remained  as  a  semi-solid  mass  at  ordinary  temperature.  This  consisted 
of  the  following  compounds:  1)  A  paraffin,  CnHjm+a,  which  on  account 
of  its  melting  point,  65.5°,  must  be  considered  as  tricontane,  CsnHea- 
2)  An  aldehyde  or  ketone,  which  when  separated  in  a  pure  form  from 
its  bisulphite  compound,  has  an  odor  like  oenanthic  aldehyde,  and  on 
oxidation  with  potassium  permanganate  yields  an  acid,  the  silver  salt 
of  which  corresponds  to  the  formula  CoHsOaAg.  3)  An  alcohol,  CgHieO, 
boiling  between  160  and  165°,  which  corresponds  to  the  ketone  or 
aldehyde  mentioned.  4)  An  ester,  C14H24O2,  boiling  at  230—235°  (135° 
at  25  mm.).  This  on  saponification  splits  up  into  the  alcohol,  CbHisO, 
and  the  acid.  CeHjoOa,  resulting  by  oxidation  from  the  ketone.  The 
alcohol  and  also  the  ester  possess  the  very  penetrating  characteristic 
odor,  by  which  wintergreen  oil  is  distinguished  from  artificial  methyl 
salicylate. 

338.    Oil  of  Ganltherla  Punctata. 

The  leaves  of  G&ultheria.  punctata  Blume  {G.  fragra,nti8siin&  Wal- 
lioh,  G.  frugal  us  Don,  Arbatas  l&urifolia  Hamilton,8  give  upon  distil- 
lation 1.15  p.  c.  of  a  volatile  oil,  which  seems  to  be  identical  with 
that  of  wintergreen.  De  Vrij*  in  1859  prepared  the  oil  from  plants 
which  he  found  in  the  exhausted  volcano  Patoea  on  Java,  and  in  1871 
ascertained  that  it  consisted  almost  exclusively  of  methyl  salicylate. 

1)  See  p.  586.  footnotes  4  and  6.  Com  p.  nixo  Kremera  nnd  James.  Ptinrm. 

I«tv,   IK.  p.   105. 
*>  I'hurm.  Joarn.,  Ill,  2,  p.  SOS. 
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The  same  oil  distilled  by  de  Vrij  was  again  investigated  in  1879  by 
Kohler1  apparently  without  the  knowledge  of  the  statements  of  its 
composition  made  by  de  Vrij  in  1871.  The  inactive  oil  boiled  at 
221—222°;  on  saponification  an  amount  of  salicylic  acid,  melting  at 
155—156°,  corresponding  to  the  pure  methyl  ester,  was  obtained. 

Andromeda  leschenaultii,  growing  profusely  in  the  Nilgiri  mountains 
in  India,  in  the  leaves  of  which  Broughton9  in  1867  found  methyl 
salicylate,  is  probably  identical  with  G.  punctata  Bl. 

339.    Oil  of  Ganltherla  Leucocarpa. 

According  to  de  Vrij8  the  fresh  leaves  of  Gaultberix  leaeoearpn 
Blnme,  indigenous  to  Java,  yield  on  distillation  0.012  p.  c.  of  nn  oil 
consisting  chiefly  of  methyl  salicylate.  Kohler1  investigated  the  same 
oil  and  confirmed  the  result  obtained  by  de  Vrij.  It  was  inactive  aud 
boiled  at  221—223°. 

340,    Primula  Root  Oil. 

The  root  of  Primula  veris  L.  (Family  Primulaceae),  contains,  besides 
cyclamin,  a  glucoside  probably  identical  with  saponin,  the  so-called 
primula  camphor  (Mutsehler,*  1877)  which  can  be  obtained  by  distillation. 
It  separates  from  the  distillate  in  fine,  shining,  hexagonal  laminae. 
or  as  a  semi-solid  mass,  has  a  fennel-  or  anise-like  odor,  and  a  taste 
at  first  burning,  then  sweetish,  fennel-like. 

Primula  camphor  is  only  difficultly  soluble  in  water;  the  aqueous 
solution  is  colored  deep  violet  to  violet-blue  by  ferric  chloride.  Its 
elementary  composition  corresponds  to  the  formula  C22H24O10.  Tpou 
oxidation  with  chromic  acid,  carbon  dioxide  and  salicylic  acid  resulted; 
by  boiling  with  potassa  there  resulted,  besides  salicylic  acid,  a  very 
small  amount  of  a  second  acid,  which  gave  a  beautiful  dark  blue 
coloration  with  ferric  chloride. 

341.    Oil  of  Jasmine. 

The  general  method  of  obtaining  the  volatile  oils  by  water  or  steam 
distillation  is  not  applicable  to  a  large  number  of  blossoms,  as  at  best 
only  traces  of  the  volatile  oil  are  obtained  by  it.  To  these  belongs  the 
jasmine  blossom  of  Jasininum  grandiflorum  L.  (Family  0/eaceae).    In 

i)  Bertchte.  IB.  p.  246.  *)  LlebiRB  Anna)™,  1S5,  p.  222.— Comp. 

a>  Ph&i-m.  Jntirn.,  Ill,  2,  p.  281.  also  HUnrfelil  (188H).  Journ.  f.  pra'it.  Cktoi., 

•)  Pharm.  Joiii-d.,  Ill,  2,  p.  GOB.  7,  p.  57,  and  in,  p.  111. 
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order  to  isolate  the  odorous  principles  of  tlie  jasmine  blossoms,  Verley l 
shook  the  jasmine  pomade  obtained  by  Enffeurage  £  froid  with  vaseline 
oil  and  exhausted  the  oil  from  this  by  treatment  with  acetone.  On 
evaporation  ol  the  acetone  a  reddish  colored  oil  smelling  intensively  of 
jasmine  remained  behind.  Its  principal  portion  came  over  at  100—101° 
under  12  mm.  pressure  and  had  the  composition  C0H10O2.  Upon 
oxidation  the  compound  yielded  benzaldehyde,  benzoic  acid  and  form- 
aldehyde. By  boiling  with  oxalic  acid  solution,  styrolene  alcohol, 
CbHb  .  CaHgfOH)!,  was  formed.  This  led  to  the  conclusion  that  the  body 
was  the  methylene  acetal  of  phenyl  glycol  CoHs-CsHs^^rlx^Ha.  Verley 
called  the  compound  jasmal  and  considered  it  as  the  odorous  principle 
of  the  jasmine  blossoms.* 

Jasmal  can  be  prepared  synthetically  by  heating  phenyl  glycol  with 
formaldehyde  and  sulphuric  acid.  It  boils  at  101°  under  12  mm.,  at 
218°  under  atmospheric  pressure.    Sp.  gr.  1.1334  at  0°. 

Hesse  and  M tiller*  reached  entirely  different  conclusions  in  their 
investigation  of  the  oil,  which  had  been  prepared  in  a  manner  similar 
to  Verley's  and  purified  by  steam  distillation.  They  obtained  from  each 
kilo  of  jasmine  pomade  4 — 5  g.  of  oil  having  the  following  properties : 
sp.  gr.  1.007—1.018;  aD=  +2°S0'  to  +  3°30'.  The  ester-content  was 
69.1  to  73  p.  c,  calculated  as  benzyl  acetate,  and  !>0.3  to  95.4  p.  c, 
calculated  as  linalyl  acetate. 

According  to  Hesse  and  Miiller  jasmine  oil  contains  large  amounts 
of  benzyl  acetate,  as  well  as  linalool  and  its  acetate.  According  to  a 
quantitative  determination  made  by  a  method  worked  out  by  them  for 
this  purpose  they  found  the  following  approximate  composition  for 
jasmine  oil : 

65.0  p.  c.  Benzyl  acetate. 
.    7.5     "     Linalyl  acetate  (including  possibly  other  alcohol  esters). 
6.0     "     Benzyl  alcohol. 
5.5     "     other  odorous  principles. 

16.0     "     Linalool  (eventually  also  other  constituents). 

Benzyl  acetate,  CeH0CHaOCHaCO,  boils  at  215—216°  and  has  the 
sp.  gr.  1.069." 

i)  Compt.  rend.,  128,  p.  BH;   Bull.  Sot  ehlm..  Ill,  21.  p.  226. 

')  According  to  Verley  the  DornolORneai  of  Jsaraal.  the  sthylldene,  Uobutjlidene  and 
smjlliiene  metals  of  phenyl  glycol  have  a  J  a«  mine-like  odor. 
>)  Beriehte,  82.  pp.  063,  76S. 
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Benzyl  alcohol.  CeHoCHsOH,  boils  at  88°  under  9  mm.  pressure. 
For  identification  the  phenyl  urethane  melting  at  77—79°  is  well  suited.1 

The  jasmal  of  Verley  was  not  present  in  the  oil  investigated  by 
Hesse  and  Miilier.  As  the  phenyl  glycol  methylene  acetal  is  stable 
toward  alcoholic  potass  a,  it  ought  to  be  possible  to  detect  its  presence 
after  the  saponification  of  the  oil.  This,  however,  was  not  the  case, 
nor  did  so  much  as  a  trace  of  styrolene  alcohol  result  by  boiling  the 
oil  with  oxalic  acid  solution.  On  the  ground  of  these  observations 
Hesse  and  Miilier  came  to  the  conclusion  that  the  volatile  oil  of 
jasmine  blossoms  contained  no  phenyl  glycol  methylene  acetal. 

Schimmel  &  Co.3  in  their  investigation  of  jasmine  oil  in  1895  also 
found  benzyl  acetate,  benzyl  alcohol  and  linalyl  acetate,  but  no  com- 
pound of  the  properties  of  jasmal. 

More  recently,  Hesse8  has  found  three  further  constituents: 

2.5  p.  c.  Indol,  CbHtN. 

0.5  p.  c.  Anthranilic  acid  methyl  ester,  CsHaNOa. 

3.0  p.  c.  Jasmoue,  CiiHisO. 

J  asm  one.  CiiHiaO  has  an  intensive,  pleasant  jasmine  odor  when 
diluted.  It  boils  at  257—258°  at  755  mm.  and  has  a  sp.  gr.  of  0.945 
at  15°.  It  yields  au  oxime,  by  means  of  which  it  was  separated  from 
the  oil,  melting  at  45°,  and  a  mixture  of  semicarbazones  molting  at 
200—204°,  from  which  by  recry stabilization  a  compound  was  obtained 
melting  at  204—20(1°. 

312.    Oil  of  Rhodium. 

Oleum  Ligni  Rhodll.— KosenholzitL  —  Essence  de  Bois  de  Rose,*  on  de  Rhodes. 

The  so-called  rosewood,  i.  e.  the  wood  of  the  roots  of  the  shrubs 
Convolvulus  Bcopariua  L.  and  C.  floridus  L.  (Family  Convolvul&ce&e), 
indigenous  to  the  Canary  Islands,  is  generally  reported  as  the  material 
used  for  the  preparation  of  oil  of  rhodium. 

The  oil  of  rhodium  at  present  in  the  market  is  often  nothing  more 
than  a  mixture  of  rose  oil  with  sandalwood  or  cedar  wood  oil. 

Oil  of  rhodium  was  investigated  by  Gladstone0  in  1864.  The 
source  of  this  oil  can  naturally  not  be  be  determined  at  present.  It 
was  viscid,  had  the  sp.  gr.  0.906   at   15.5°   and  the  rotatory  power 

')  Bench t  von  S.  &  Co.,  Apr.  1899,  p.  37. 
»)  Bcrlcht  von  S.  *  Co.,  Apr.  1899.  p.  37. 
*)  flerlchte,  83.  p.  3311. 

»)  The  wood  delimited  Bols  de  rose  lintetle  or  mAle  by  the  French  Is  Qaajaaa 
llnaloe  wood.    Comp.  p.  498. 

■  >  Joarn.  Chem.  Sot.,  17,  p.  1;  Jahre»b.  f.  Chemle,  1888,  p.  6*6. 
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— 16°  in  a  250  mm.  tube.  Pour  fifths  of  it  consisted  of  a  hydrocarbon 
CioHie  (more  probably  CisHj*)  boiling  at  249°,  which  had  an  odor  of 
sandalwood  and  rose. 

The  source  of  an  oil  distilled  by  Schimmel  &  Co.1  in  1887  is  also 
unknown.  The  oil  had  a  fine  golden-yellow  color,  with  a  pleasant  rose- 
like odor.    It  solidified  at  +  12°  to  a  mass  of  needle  shaped  crystals. 

A  rose  wood  from  Teuerife*  recently  used  by  the  same  firm  for 
distillation,  corresponded  fairly  well  with  the  description  of  the  root 
wood  of  Convolvulus  scoparius  L.  The  odor  of  the  oil  did  not  fulfill 
the  expectations.  Sp.  gr.  0.951  at  15°;  <id=+1o30';  saponification 
number  before  acetylization  =  0,  after  acetylization  =151.3.  The  oil 
dissolved  with  a  slight  turbidity  in  10  p.  of  05  p.  c.  alcohol. 

343.    Oil  of  Verbena. 

The  true  verbena  oil  from  the  leaves  of  Verbena  triphylkt  L.  (Aloyaia 
citriodora  Ort.,  Lippin  citriodorn  Kth.,  Family  Verbenaueae)  cultivated 
as  an  ornamental  plant  in  Spain,  northern  France  and  Central  America 
is,  as  its  high  price  stands  in  no  relation  to  its  trne  value,  no  regular 
article  of  commerce.  It  can  in  most  cases  be  replaced  by  the  much 
cheaper  lemon-grass  oil  which  is  similar  in  odor,  and  has  therefore 
been  called  East  Indian  verbena  oil.  As  genuine  verbena  oil  is  so 
difficult  to  obtain  the  statements  concerning  it  have  to  be  taken  with 
some  reserve. 

Verbena  oil  has  a  fine,  very  pleasant,  lemon-like  odor,  resembling 
that  of  lemon-grass  oil.  An  oil  distilled  in  Grasse,  according  to  the 
statement  of  the  manufacturers,  from  the  leaves  of  Lippia  citriodorn 
(yield  0.00  p.  c),  had  the  following  properties:  Sp.  gr.  0.900; 
«d=-  12°  38';  soluble  in  1—5  volumes  of  90  p.  c.  alcohol,  on  the 
further  addition  of  alcohol  it  became  turbid.  It  contained  35  p.  e.  of 
aldehyde,  which,  as  was  shown  by  the  preparation  of  j9-citryl  naphtho 
cinchoninic  acid  (m.  p.  195— 197°),  was  citral  (Schimmel  &  Co.) 

An  oil  described  as  "Oil  of  true  Vervain,"8  the  sp.  gr.  of  which  is 
given  as  0.902  and  apas  —12.7°,  agrees  very  well  with  the  above.  It 
was  not  soluble  in  10  p.  of  80  p.  c.  alcohol,  but  in  equal  parts  of 
90  p.  c.  alcohol,  and  contained  28  p.  c.  of  aldehyde.  After  acetylization 
a  decided  odor  of  linalyl  acetate  was  noticed.  By  saponification  of  the 
acetylized  oil  an  alcohol  content  (CioHisO)  of  30  p.  c.  was  determined. 

i>  Bertcbt  ron  S.  &  Co..  Apr.  1887,  p.  28.  9)  Chemlnt  and  Draftglac,  50,  p.  218. 
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Umney1  report*  on  an  oil  distilled  in  Dunolly  (Victoria,  Australia) 
"probably"  from  Lippia  citriodora.  The  sp.  gr.  after  removing  the 
alcohol  which  had  been  added,  was  0.894.  ud  =  -  16°.  It  contained 
74  p.  c.  of  citral. 

An  oil  early  investigated  by  Gladstone2  (1864)  and  said  to  have 
come  from  Aloysia  citriodora  was  much  lighter,  its  ep.  gr.  at  15.5" 
being  0.881;  it*  angle  of  rotation  in  a  250  mm.  tube  was  —6°. 

344.    Oil  of  Lantana  Camara. 

The  volatile  oil  of  Lantana  camara  L.  (Family  Verbenaceae),  widely 
distributed  as  a  weed  in  Java,  has  been  distilled  in  the  botanical  garden 
at  Bnitenzorg.  Its  odor  is  not  especially  pleasant,  has  a  sp.  gr.  of 
0.952  and  turns  the  ray  of  polarized  light  0°24'  to  the  left  in  a* 
100  mm.  tube.* 

34S.    Oil  of  Vltex  Trlfolia. 

The  leaves  of  Vitex  trifolia  L.  (Family  Verbenaceae)  are  used  in 
India  for  bathing  purposes  and  as  a  remedy  against  various  diseases. 
They  contain  a  volatile  oil,  which  was  prepared  in  the  botanical  garden 
at.Buitenzorg.4 

Its  odor  is  pleasantly  aromatic,  somewhat  camphor-like.  The  latter 
property  is  due  to  cineol,  which  was  shown  to  be  present  by  the  iodol- 
cineol  reaction. 

346.    Oil  of  Rosemary. 
Oleum  RorlNmartnl.—RosvarlnO].— Essence  de  Romarin. 

Origin  and  History.  The  rosemary  bush,  Rosmarinaa  officinalis  L. 
belonging  to  the  Labiatae,  grows  in  the  Mediterranean  countries  and 
islands  from  Greece  to  Spain. 

The  first  mention  of  the  distillation  of  rosemary  is  found  in  the 
writings  of  Arnoldus  Villanovns  of  the  thirteenth  century.  He  distilled, 
probably  for  medicinal  purposes,  turpentine  oil  and  rosemary  oil.  An 
alcoholic  distillate  of  both  or  only  of  rosemary  was  in  use  for  centuries 
as  the  first  popular  perfume  under  the  name  of  Hungarian  water.  The 
distillation  of  the  oil  is  described  more  fully  by  Raimund  Lull  us,  a 
disciple  of  Villanovus. 

i)  Pbarm.  Jouro.,  57,  p.  257. 

i)  Jonm.  Chem.  Soc.,  17,  p.  1;  J&breab.  t.  Cliein.,  1888,  pp.  B46  and  849. 

>)  liericht  ron  S.  A  Co.,  Oct.  1H96,  p.  7T. 

*1  Berteht  Ton  H.  A  Co.,  Oct.  1894,  p.  74. 
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Oil  of  rosemary  was  a  much  used  oil  in  the  middle  ages  and  is  often 
mentioned  in  the  writings  of  that  period.  It  is  described  in  the  index 
of  the  Compendium  of  Saladin  at  the  end  of  the  fifteenth  century  and 
in'  the  works  of  Brunschwig,  Ryff,  Gesner,  Porta,  and  others,  and  ie 
mentioned  in  drug  and  spice  ordinances  of  the  fifteenth  century.  In 
several  of  the  treatises  on  distillation  and  jn  medical  works  of  the 
fourteenth  and  fifteenth  centuries,  an  empyreumatic  oil  of  rosemary  is 
also  mentioned. 

One  of  the  first  investigations  of  rosemary  oil  was  made  by  the 
Parisian  apothecary  Geoffroy1  in  1720.  A  century  later  it  was  more 
fully  investigated  by  Saussure3  and  in  1837  by  Kane.8  Carthenser  in 
1734  determined  the  yield  of  oil.* 

The  so-called  rosemary  camphor  was  first  noticed  by  Knnkel  of 
Berlin  in  1865"  and  a  century  later  (1785)  by  Arezula  of  Cadix.8 
Proust  prepared  it  in  1800. 1 

Preparation.8  In  commerce,  two  rosemary  oils  are  principally 
distinguished,  the  Italian  and  the  French, 

The  Italian  or  more  correctly  the  Dalmatian  rosemary  oil  is  obtained 
on  the  islands  of  Lissa,  Lesina  and  Solta  on  the  Dalmatian  coast,  where 
the  rosemary  grows  wild  and  covers  large  tracts  of  land.  It  is  surprising 
that  rosemary  grows  neither  on  the  mainland  nor  on  the  neighboring 
islands  Braszo,  Curzola,  Melada  and  Lagosta.  The  most  pleasant 
smelling  rosemary  is  that  on  Solta,  where  it  is,  however,  more  and 
more  suppressed  by  vineyards,  so  that  distillers  come  but  seldom  to 
this  island  for  the  preparation  of  the  oil. 

Most  of  the  oil  is  produced  in  Lesina,  which  is  also  the  commercial 
center  for  rosemary  oil,  Lissa  is  second  in  importance.  Both  islands 
are  covered  with  bushes  about  a  meter  in  height.  The  "Rosemary 
forests"  are  the  property  of  the  community,  which  gives  the  license  for 
distillation  to  the  highest  bidder  at  auction.  The  use  of  the  forests  is 
regulated  by  law,  so  that  a  full  harvest  is  made  only  once  in  three 
years;  in  the  two  following  years  very  little  oil  is  distilled.  The  dis- 
tillation takes  place  in  July  and  August,  consequently  after  the  flowering 
period,  which  lasts  from  February  to  April.    After  the  cut  twigs  have  been 

<)  Hem.  de  L'Acad.  de  M.  de  Pari*.  1721,  p.  168. 

•)  Add.  da  Chem.  et  de  Pfiyn.,  It,  IS,  p.  278. 

■)  Trail*,  ol  the  Koy.  Irlah  Acad.,  18,  p.  130.  —  Jonrn.  f.  prakt.  Chem.,  IS,  p.  1S8. 

•)  Element*  Cnvmlae,  II,  pp.  SB  *  106. 

«)  Problerateln.  p.  897. 

•)  P.  89:  Reiultado  de  Inn  experleuela*,  p.  6. 

t)  TrommBdorffa  Jonrn.  d.  Pharm..  8.  II,  p.  931. 

•)  Dingier'.  Polytechn.  Journal,  2HW,  p.  466.— Baricht  tod  B.  A  Co.,  Oct.  1896,  p.  69. 
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dried  for  eight  days  in  tbe  sun,  the  leaves  are  stripped  off  and  distilled 
with  water  vapor.  The  distilling  apparatus  is  very  primitive,  old  copper 
whisky  stills  being  mostly  employed.1  From  the  port  Cittavechia  the 
oil  is  shipped  in  tin  cans  to  Triest.  From  here,  often  adulterated  with 
turpentine  oil,  it  enters  into  the  world's  commerce. 

No  statistics  of  the  production  of  the  Dalmatian  rosemary  oil  exist. 
According  to  inquiries  made  at  the  place  of  production,  20,000  k.  of  oil 
are  said  to  be  obtained  in  those  years  when  a  full  harvest  is  made. 
This  estimate  agrees  with  a  statement  made  by  Fltickiger2  in  1884. 

As  far  as  the  yield  of  oil  is  concerned,  it  has  probably  been  but 
seldom  determined  in  Dalmatia,  as  it  may  be  assumed  that  the  distillers 
do  not  weigh  the  material  before  putting  it  into  the  still.  Schimniel  & 
Co.8  obtained  from  Dalmatian  rosemary  leaves  1.4 — 1.7  p  e.  of  oil. 

The  French  rosemary  oil  is  finer  in  odor  and  correspondingly  higher 
in  price.  It  is  principally  obtained  in  the  Departemente  du  Gard, 
du  Herault.  de  la  Drome,  des  Alpes  Maritimes  and  des  Basses  Alpes. 
Here  the  erect  shrub  grows  to  a  height  of  2  m.  and  together  with 
Thymus  vulgaris  forms  the  brushwood  of  clearings.8  The  distillation  is 
done  in  itinerant  stills  in  the  same  manner  as  described  under  lavender 
oil  (p.  602).  Schimmel  &  Co.*  obtained  by  distillation  from  the  dry 
French  rosemary  leaves  2  p.  c,  from  the  flowers  1.4  p.  c.  of  oil. 
Whether  the  better  quality  of  the  French  oil  depends  on  the  plant  itself 
or  on  the  more  careful  selection  of  the  material  is  difficult  to  state. 

Inasmuch  as  rosemary  je  also  found  in  Spain,  the  oil  is  now  and 
then  distilled  in  that  country.5  It  appears,  however,  to  be  almost 
always  adulterated  with  turpentine  oil.  The  properties  of  the  pure 
Spanish  oil  are  the  same  as  those  of  the  Dalmatian  or  French  oil,  as 
was  shown  by  the  recent  examination  of  a  Spanish  oil  in  the  laboratory 
of  Schimmel  &  Co. 

The  English  rosemary  oil,  which  is  obtained  in  Mitcham  and  Market 
Deeping  in  small  amounts  from  cultivated  plants,  is  no  more  important 
commercially  than  is  the  Spanish  oil.* 

Pbopeetteh.  Rosemary  oil  is  a  colorless  or  slightly  green iah-yello* 
liquid   of  a   penetrating  camphor-like  odor   and  an  aromatic,  bitter, 

1)  See  p.  67. 

»)  Airhlv  d.  Ptaarm.,  222,  p.  476. 

s>  Areblv  d.  Pharni.,  335.  p.  586;  Bertcht  von  S.  *  Co..  Oct.  1897,  p.  54. 
*>  Berlcht  von  S.  A  Co.,  Oct.  1898,  table  In  appendix,  p.  84. 
■)  Berlcht  von  8.  A  Co..  Oct.  1SS9,  p.  55, 

•)  Comp.  Holmes,  I'harm.  Journ.,  Ill,  12,  p.  288;  III.  30.  p.  561.  —  Sawer,  Odom- 
ffraphla.  vol.  1,  p.  870. 
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cooling  taste.  The  ep.  gr.  of  the  French  as  well  as  the  Italian  oil  is 
always  higher  than  0.900  and  sometimes  rises  to  0.920.  The  ray  of 
polarized  light  is  always  rotated  to  the  right,  ao  =  +0°45'  to  +15°. 
The  first  10  p.  c.  obtained  by  fractional  distillation  are  likewise  dextro- 
gyrate. One  part  of  oil  gives  a  clear  solution  with  %  and  more  parts 
of  90  p.  c.  alcohol,  and  sometimes  with  2,  but  often  as  many  as  9—10 
parts  of  80  p.  c.  alcohol  are  required.    Saponification  number  12—20. 

The  oils  distilled  by  So  him  me  1  &  Co.  from  five  different  shipments  of 
Dalmatian  rosemary  leaves  had  the  following  properties :  Sp.  gr.  0.904 — 
0.913;  "D=+3°40'to  +  8°52'.1  Two  oils  were  distilled  in  Leipzig 
from  French  material.3  1)  From  flowers:  sp.  gr.  0.920;  ao  =  + 1°38'. 
2)  From  leaves:  sp.  gr.  0.914;  aD  =  +  14°35'. 

The  content  of  boruyl  acetate  in  two  authentic  oils  was  found  to  be 
5.4  and  5.8  p.  c.  The  amount  of  borneol  determined  by  acetylization 
wan  16.8  and  18.8  p.  c. 

A  Spanish  oil  recently  investigated  in  the  laboratory  of  Schimmel 
&  Co.  had  the  sp.  gr.  0.905  and  «d  =  +  7°40'.  It  was  soluble  with 
slight  turbidity  in  10  parts  of  80  p.  c.  alcohol.  The  angle  of  rotation, 
od,  of  the  first  10  p.  c.  going  over  on  distillation  was  +  4°  1',  Another 
sample,8  investigated  later,  had  the  sp.  gr.  0.932,  aD  =  + 17°  37'  at  20°. 
Spanish  distillates  which  had  been  investigated  at  an  earlier  time*  were 
lighter  in  sp.  gr.  and  laevogyrate,  and  probably  were  adulterated  with 
turpentine  oil. 

The  English  oil  obtained  from  cultivated  plants  shows  differences  in 
properties,  especially  in  rotatory  power.  The  sp.  gr.  of  three  English 
oils  was  found  by  Grippe'  (1891)  to  be  0.901,  0.911  and  0.924,  the 
rotatory  power,  "d,  determined  on  one  of  these  oils  was  —9°  35'. 
Symes8  (1879)  determined  on  another,  doubtless  adulterated  English 
oil  the  sp.  gr.  0.881  and  the  angle  of  rotation  nD  =  —  lfi°47'.  As  the 
English  oils  are  commercially  unimportant,  all  laevogyrate  oils  found 
in  commerce  can  safely  be  declared  as  adulterated, 

Composition.  The  following  compounds  have  so  far  been  found  in 
rosemary  oil :  1)  pinene,  2)  camphene,  3)  cineol,  4)  camphor,  5)  borneol. 

Up   to   the  present  all   investigations   have   been   directed  toward 
individual  constituents.    A  thorough  investigation  of  the  oil  as  a  whole 
may  therefore  result  in  finding  still  other  substances. 
i 

')  Bericta t  von  S.  *  Co..  Oct.  1SA7.  p.  36.        *)  Ibidem.  Oct.  18S0,  p.  55. 

")  Ibidem,  Apr.  1801,  p.  41.  »)  Pbnrm.  Journ.,  Ill,  21,  p.  087. 

*>  Ibidem,  Apr.  15100.  p.  40.  «)  Phurm.  Journ.,  III.  10.  p.  213. 
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Pinene.  According  to  the  statement  of  Bruylants1  (1879)  oil  of 
rosemary  contains  80  p.  c.  of  a  laevogyrate  hydrocarbon  CioHia  boiling 
at  157—160°.  From  the  low  sp.  gr.  0.885  and  the  laevo-rotation.  aw 
well  as  the  large  amount  of  the  terpene  found,  it  is  evident  that  the 
oil  investigated  was  adulterated  with  French  turpentine  oil.  On 
account  of  the  frequent  adulteration  with  turpentine  oil  it  became  a 
matter  of  interest  to  know  whether  pure  rosemary  oil  contained  pinene 
or  not.  Gildemeister  and  Stephan,2  therefore,  investigated  the  lower 
hoiling  fractions  of  an  oil  distilled  by  themselves  from  Dalmatian 
rosemary  leaves.  The  portion  boiling  at  156—158°  after  repeated 
fractionation  (sp.  gr.  0.867,  iD  =  +2° HO')  gave  on  treating  with  amyl 
nitrite  and  hydrochloric  acid  in  glacial  acetic  acid  solution  a  nitroso- 
chloride.  This  yielded  with  benzylaraine  pinene  nitrolbenzyl  amine 
(m.  p.  122—128°),  from  which  it  follows  that  pinene— probably  a 
mixture  of  d-  and  1-pinene — is  a  constituent  of  rosemary  oil. 

Camphene.  The  fraction  boiling  at  160 — 162°  (sp.  gr.  0.875, 
aD  =— 0°45')  was  treated  with  glacial  acetic  and  sulphuric  acids.  After 
saponification  of  the  product  of  the  reaction,  isoborneol,  of  the  melting 
point  211—212°,  was  obtained.  The  latter  was  reconverted  into 
camphene,  boiling  at  15!)— 160°  and  melting  at  about  50°,  by  boiling 
with  zinc  chloride  in  benzene  solution.  According  to  this  a  second 
terpene,  camphene,  is  contained  in  rosemary  oil,  nnd  judging  from  the 
slight  rotation  of  the  fraction,  it  is  inactive  camphene. 

A  commercial  rosemary  oil  distilled  in  Dalinntia  gave  the  sums 
results;  pinene  and  camphene  were  identified.  The  first  runnings  (from 
40  k.)  of  this  oil  had  an  odor  ol  acetaldehyde,  boiled  below  150°, 
decolorized  fuchsin  sulphurous  acid  and  was  partly  soluble  in  water. 
The  insoluble  oil  was  hydrated  with  glacial  acetic  and  sulphuric  acids, 
whereby  a  decided  odor  of  linalyl  acetate  was  developed.  This  behavior 
indicates  the  presence  of  ^leflnic  terpenes,  similar  to  those  occurring  in 
bay,  hops,  and  origanum  oils.2 

Cineol.  In  the  fraction  boiling  at  176—182°  Weber"  in  1887  found 
cineol,  CioHisO,  and  isolated  this  body  by  means  of  its  hydrochloric 
acid  addition  product.  The  identification  was  made  by  preparing  the 
dipentene  tetrabromide.  CioHmBr*,  (m.  p.  123.5—124°)  as  well  as 
dipentene  dihydriodide,  CioHisIa.  (m.  p.  78.5—79°). 

i)  J  nitre,   de  Pbarm.  et  ('him..  IV,  2D,  "1  Archly  rt.  Pharm.,  «8S,  p.  583. 

p.   SON:    Pharm.   Jonrn..  "I.  1".   !>-  "27:  >>  Lienls'"  Annalen.  BBS,  p.  «!». 
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By  conducting  hydrochloric  acid  gas  into  the  ethereal  solution  of 
fraction  171—176°  Weber  obtained  dipentene  di  hydrochloride  melting 
at  49—50°.  This  compound  owes  its  formation  either  to  cineol,  or  to 
dipentene,  but  aa  the  fraction  mentioned  contained  according  to  the 
analysis  considerable  terpene,  its  formation  is  probably  due  to  dipentene 
(terebene  of  Bruylants?}. 

Camphor  and  borneol.  Camphor  was  first  observed  in  rosemary 
oil  by  Lallemand1  in  1860.  Montgolfler  *  in  1876  showed  that  tlie 
rosemary  camphor  was  a  mixture  of  the  dextro-  and  laevogyrate 
modifications.  Bruylants8  found  that  the  stearoptene  crystallizing  from 
the  high  boiling  fractions  of  the  oil  consisted  not  only  of  camphor,  bnt 
also  of  borneol.  In  the  oil,  which,  as  mentioned  above,  was  strongly 
adulterated.  Bruylants  determined  4 — 5  p.  c.  of  borneol  and  6—8  p.  e. 
of  camphor.  Pure  oil  must  therefore  contain  considerably  more  of  these 
compounds.  Gildemeister  and  Stephan  B  determined  the  borneol  content 
by  acetylization  and  found  in  two  cases  16.8  and  18.8  p.  c.  It  was 
assumed  that  rosemary  contained  no  other  alcohols,  such  as  linalool  or 
geraniol. 

According  to  Haller*  (1889)  camphor  is  separated  from  borneol  by 
converting  the  latter  into  bornyl  acid  succinate  by  heating  with  succinic 
acid.  The  borneol  contained  in  rosemary  oil  is,  as  was  shown  by 
Haller,  like  the  camphor,  a  mixture  of  both  optical  modifications. 

Judging  from  the  saponification  number  obtained  by  boiling  with 
potassa,  rosemary  oil  contains  small  amounts  of  esters,  presumably  of 
borneol.  The  acid  combined  with  the  alcohol  has  not  yet  been  determined. 

Examination.  In  testing  rosemary  oil,  especial  attention  Bhould  be 
paid  to  the  specific  gravity  and  rotatory  power  which  should  agree 
with  those  mentioned  under  Properties.  Turpentine  oil,  no  matter  of 
what  source,  will  cause  a  decrease  in  the  specific  gravity.  French 
turpentine  oil  is  recognized,  providing  the  amount  is  not  insignificant, 
by  the  inversion  of  the  angle  of  rotation  to  the  left.  In  order  to 
recognize  small  additions,  which  do  not  cause  inversion  to  the  left,  and 
do  not  lower  the  sp.  gr.  below  0.900,  from  100  cc.  of  oil  10  cc.  are 
slowly  distilled  off  in  the  flask  described  on  p.  190  and  the  distillate 
tested  in  the  polari scope."  With  pure  rosemary  oil  the  lowest  boiling 
10  p.  c.  will  always  be  found  dextrogyrate,  while  if  only  small  amounts 
of  French  turpentine  oil  are  present  it  will  be  laevogyrate. 

i)  Lieblg's  Annolen,  114.  p.  107.  *1  Compt    rend..  10S,  p.  1S0S. 

'<!   Bull.  8oc.  chlm.,  II,  2B,  p.  IT.  »)  Archly  d.  Pharm.,  285,  p.  SHit. 

■>  See  p.  ffl»s,  tootoote  1. 
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Fractions  of  camphor  oil  are  also  often  used  for  adulteration.1 
These,  however,  usually  affect  one  of  the  characteristic  properties  of  the 
rosemary  oil.  Either  the  rotatory  power  (which  is  usually  increased) 
or  the  specific  gravity,  or  the  solubility  in  80  p.  c.  alcohol  is  changed. 

347.    Oil  of  Lavender. 

Oleum  Lavandulae.  —  LiTendelBI.— Essence  de  LaraBde. 

Origin  and  History.  The  species  of  lavender  used  since  antiquity 
on  account  of  their  pleasant  odor,  are  indigenous  to  the  northern 
Mediterranean  countries,  but  flourish  especially  on  the  slopes  of  the 
French  Cevennes  and  Sea  Alps.  Whereas  formerly  the  oils  of  the  different 
species  of  lavender  were  known  by  the  general  name  of  spike  oil,  they 
have,  since  a  little  more  than  a  century  ago,  been  separated  into 
lavender  oil  and  spike  oil. 

The  different  lavender  species  were  formerly  gatliered  indiscriminately 
for  oil  distillation.  In  the  eighteenth  century  they  were  more  accurately 
determined  and  distinguished  botanieally.  The  species  determined  as 
Lavandula  spies  «  by  Linne",  {L.  officinalis  Chaix,  L.  angustifolia  Miinch, 
L.  vulgaris  a  Lamarck,  L.  vera  I)e  Candolle)  yields  the  lavender  oil. 

The  spike  oil,  which  is  decidedly  different  in  aroma  and  constituents, 
is  obtained  from  the  more  tender  L.  spiea  D.  C.  (L.  vulgaris  ,?  Lamarck, 
L.  latifolia.  Villara)  growing  in  the  lower  hilly  and  coast  districts. 

The  history  of  the  lavender  species  and  their  distillates  is  given 
under  the  earlier  known  spike  oil  (p.  (!07). 

Preparation.  The  French  lavender  oil  is  obtained  in  the  higher 
mountainous  regions  of  southern  France  in  the  Departments  des  Alpes 
Maritimes,  des  Basses  Alpes,  du  Herault,  de  la  DrOme,  du  Gard  and  de 
Vaucluse.  As  the  lavender  blossoms  cannot  be  transported,  the  distil- 
lation is  carried  on  as  near  as  possible  to  the  place  of  collection,  as  a 
general  rule  in  portable  stills.  At  the  beginning  of  the  flowering  period  in 
July,  the  distillers  tftke  their  apparatus  to  the  mountains  on  mules.  In 
the  neighborhood  of  a  spring  or  creek  the  still  is  erected  on  a  fire  place 
constructed  of  stones,  and  heated  with  wood,  which  is  abundant.  The 
collection  is  always  Iwgun  in  the  lowest  regions  where  the  lavender 
blooms  first.  When  all  obtainable  material  has  been  collected  and 
distilled  in  the  neighborhood  of  the  place  of  distillation  the  apparatus 
is  carried,  to  a  higher  point.  The  oil  distilled  in  the  lower  regions  is 
considered  inferior  in  value  to  that  distilled  toward  the  end  of  September 
at  an  altitude  of  l.oOO  in. 

')  Berk'ht  von  S.  A.  Co..  Apr.  1S98,  p.  46. 
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The  accompanying  illustration  (fig.  78)  ■  shows  such  a  Distillerie 
awbulante1  hi  the  neighborhood  of  the  village  Escragnollea,  on  the 
road  from  (irasse  to  Paris,  thirty  kilometers  from  Grasse.  The  two 
copper  stills  are  supported  on  a  Are  place  made  of  stones  laid  in  the 
form  of  a  horse  shoe.  The  condenser  consists  of  an  old  petroleum 
barrel,  from  which  the  head  has  been  removed,  and  into  which  the  con- 
densing worm  is  fitted.  The  condensing  water  is  furnished  by  the 
neighboring  spring.  In  the  foreground  a  laborer  is  busy  turning  the 
pile  of  lavender  flowers  with  a  hay  fork,  to  prevent  fermentation.  The 
exhausted  blossoms  are  spread  out  behind  the  still.  After  completion 
of  the  distillation  the  laborer  removes  the  still  from  the  Are,  empties  il 
by  turning  it  over,  and  replaces  it  by  another  which  had  meanwhile 
been  tilled. 

H.  Laval2  in  1886  made  an  interesting  and  exhaustive  report,  on  the 
distribution,  collection  and  distillation  of  lavender  in  the  Departeuient 
de  Vaueluse.  Although  not  of  very  recent  date,  some  of  his  figures  may 
here  be  mentioned,  in  order  to  give  an  idea  of  the  importance  of  this 
industry  in  southern  France. 

On  the  southern  slope  of  the  Ventoux  mountains  lavender  is  found 
at  a  height  of  700—1,150  m.,  together  with  thyme  and  satureja.  On 
the  northern  slope  the  lavender  begins  at  450  m..  but  rises  here  no 
higher  than  900  in.  The  ground  covered  by  the  plants  (lavaiidfrrvs)  on 
the  Ventoux  is  approximately  11,000  hectares  (27,000  acres);  of  these, 
7,000  hectares  (17,200  acres)  are  property  of  the  communities,  the 
remainder  is  of  private  ownership.  At  the  time  of  flowering,  in  July  and 
August,  the  men,  women  and  children  go  up  the  mountains.  The  flower 
clusters  are  cut  off  above  the  leaves  with  a  sickle  and  are  carried  on 
the  head  in  bundles  to  the  places  of  distillation.  The  collection  of  the 
lavender  is  commonly  free  on  the  properties  of  the  communities,  some, 
however,  make  an  annual  charge  of  one  franc  for  each  family.  The 
amount  of  fresh  lavender  flowers  collected  annually  in  the  Ventoux  is 
estimated  at  1,700,000  k.  Of  these  1.200.0(H)  k.  are  usgd  for  the  dis- 
tillation of  the  oil  (about  6,000  k.)  the  balance  is  dried. 

Laval  describes  from  personal  inspection  three  different  methods  of 
distillation.  In  a  small  factory  at  Sault  the  distillation  was  effected  by 
means  of  steam  which  was  generated  in  a  separate  vessel  and  fed  four 
cylindrical,   copper  stills.     Each   had   a  capacity  for  150  k.   of  fresh 
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flowers.  The  warm  water  from  the  condenser  was  used  lor  feeding  the 
boiler.  A  distillation  lasted  IX  hours.  Each  still  was  filled  14  times  in 
24  hours  and  thus  8,400  k.  of  material  were  distilled  daily. 

In  a  second  factory  in  Villes  the  distillation  was  also  with  steam 
from  two  egg  shaped  stills,  each  of  which  held  a  charge  of  100  k.  of 
fresh  flowers. 

A  third  factory  in  Bedoin  had  cylindrical  stills,  8  m.  high  and  1%  m. 
in  diameter,  whicli  were  heated  by  direct  Are;  the  flowers  were  supported 
on  a  false  bottom,  so  that  they  were  not  in  contact  with  the  water 
but  only  with  the  steam.  75  k.  were  placed  on  the  lowest  false  bottom, 
then  a  second  false  bottom  was  put  in  which  carried  the  same  amount 
of  flowers.  Alternately  a  false  bottom  and  flowers  followed  until  the 
still  contained  250  k.    Five  distillations  were  made  daily. 

In  the  third  kind  of  distillation  the  flowers  are  put  into  the  still 
with  water  and  without  sieve  bottoniB.  This  method  is  common  to  the 
itinerant  stills,  and  is  the  one  most  generally  used, 

The  most  rational  method  of  preparation  is  probably  the  one  with 
the  false  bottoms,  as  this  is  the  most  suitable  for  delicate  oils.  By  the 
distillation  with  steam  as  well  as  with  the  water  without  false  bottom 
no  doubt  more  of  the  valuable  ester  is  decomposed  than  in  the  method 
used  at  Bedoin.  According  to  Laval  in  order  to  obtain  1  k.  of  oil, 
200  k.  of  fresh  flowers  are  necessary,  which  corresponds  to  a  yield  of 
0.5  p.  c.  From  dried  French  flowers  Bchimmel  &  Co.  obtained  1.2  p.  c, 
from  German  flowers  as  much  as  2.8  p.  e.  of  oil.1 

The  English  lavender  oil  industry  is  quite  insignificant  in  com- 
parison with  the  French.  Whereas  in  France  only  the  wild  plant  is 
used  for  distillation  in  England  the  cultivated  plant  is  used  exclusively, 
The  lavender  plantations3  are  found  in  Surrey  county  in  Mitcham, 
Carshalton  and  Beddington,  further  in  Canterbury  (Kent),  Hitchin 
(Hertfordshire)  and  in  Market  Deeping  (Lincolnshire).  The  distillation, 
which  usually  begins  in  the  first  weeks  of  August,  is  done  in  the  same 
stills  used  for  the  peppermint.  The  yield  from  the  fresh  flowers  is  given 
as  0.8  to  1,5  p.  c.    Both  figures  appear  to  be  rather  high. 

i)  Berfcbt  ron  S.  &  Co.,  Oct.  1S98.    Table  In  the  appendix,  p.  24. 

i)  More  detailed  account*  of  (he  cultivation  and  dititlllatlon  of  English  lavender  can 
be  found  In  the  following  journals  and  works:  Holmes,  Pharm.  Journ..  111.  B  (1STT), 
p.  SOI:  FlOrklger  and  H  anbury.  Pharmacographla.  p.  477;  Sawer,  Pharm.  Journ., 
Ill,  30  (18»0),  p.  85».  and  Odoronraphla,  vol.  I.  p.  809:  Chemist  and  Druggist,  89 
(1801),  p.  SOS:  Pharm.  Journ.,  58  (1897),  p.  52;  Brit,  and  Colon.  Druggist,  84 
(1S9S),  p.  88S. 
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Properties.  French  oil  of  lavender  is  a  yellowish  or  yellowish- 
green  !  liquid  of  the  pleasant,  characteristic  odor  of  the  lavender  flowers. 
and  of  a  strong  aromatic,  slightly  bitter  taste.  Sp.  gr.  0.885 — 0.895; 
«d  =— 3to—  9°.  It  is  soluble  to  a  clear  solution  in  three  and  more 
parts  of  70  p.  c.  alcohol.  The  linalyl  acetate  content  is  as  a  rule 
30 — 40,  seldom  45  p.  c.  According  to  the  amount  of  ester  the  lavender 
oils  can  be  divided  into  two  classes.  First,  those  oils  with  30  and 
more  p.  c.  of  ester.  They  come  from  the  highest  regions  of  the  southern 
French  Alps,  possess  the  finest  and  most  intense  aroma,  and  con- 
sequently bring  the  highest  prices.  Second,  those  with  30 — 30  p.  c.  of 
ester.  Oils  with  less  than  30  p.  e.  of  linalyl  acetate  are  mostly 
adulterated,  much  more  seldom  is  the  low  ester  content  due  to  im- 
perfect distillation  by  which  a  part  of  the  ester  was  decomposed. 

The  English  lavender  oil  differs  from  the  French  by  a  camphor-  or 
cineol-like  odor  which  accompanies  it,  as  well  as  by  its  low  ester  con- 
tent. Sp.  gr.  0.885  to  0.900;  aD  =  —  1  to  — 10°.  The  solubility  is  the 
same  as  that  of  the  French  oil,  the  amount  of  linalyl  acetate  is  only 
5  to  10  p.  c. 

Composition.  According  to  the  earlier  works  of  Saussnre2  (1817— 
1832),  Proust  and  Dumass  (1833),  the  ordinary  launis  camphor. 
CioHiaO,  had  to  be  considered  as  a  normal  constituent  of  lavender  oil. 
As  recent  investigations  have  shown  that  the  oil  from  Lavandula  rem 
D.  C.  contains  no  camphor,  these  statements  refer  no  doubt  to  oils  of 
other  lavender  species.4 

The  results  of  Lallemand"  (I860)  and  of  Bruylants"  (1879)  in  part 
do  not  agree  with  the  most  recent  investigations.  Lallemaud  found 
a  laevogyrate  hydrocarbon  CmHia  (?)  boiling  from  200  to  210°,  and 
was  the  first  to  observe  the  presence  of  esters  in  lavender  oil.   According 


i)  The  finest  nils  wild  a  high  rater  oral 
rectified  oils  are  colorless.  To  rectify  lavend 
decomposes  In  pure  the  principal  constituent, 
flavor  or  ihe  reclined  oil  Ih  Inferior  (Berlcht  von  H.  &  Co.,  Oct.  189*.  p.  801. 

>)  Ann.  I 'htm.  et  Phys..  II.  4,  p.  BIS:  II,  18,  p.  278;  II.  49,  p.  225;  Uebhr's 
Annalen.  H.  p.  168. 

>)  Lleblffa  Annalen,  6,  p.  :>+«. 

*)  In  tbe  literature  quoted  above,  Spain  la  set'eral  times  mentioned  aa  the  country 
Iron  which  the  examined  oil  wan  obtained.  As  la  ahuwn  In  an  article  published  by 
Chnrabot  In  1897  (Bull.  Hoc.  chlm..  III.  17,  p.  378)  the  Spanlah  oil.  of  which  the  origin 
la  not  known,  ha*  different  propertlea  and  la  different  In  composition.  Sp.  jrr.  0.912— 
0.91S;  aD  =  +l8°2l>'  to  +  1«°25';  eater  content  8.16—8.4  p.  c.  The  oils  contained 
44.5  to  o0.3  p.  c.  of  alcohola  aa  determined  by  acety  ilia  Hon.  In  the  higher  bolHsg 
Iractlons  bomeol  |m.  p.  204°)  »■«.  found.  The  Spanish  oil,  therefore,  resembles  oil  ol 
aplke  more  closely  than  the  oil  of  lavender. 

>)  I.leblit's  Annalen,  114,  p.  198. 

•)  Jonrn.  de  Pharm.  et  ('him..  IV,  30.  p.  189. 
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to  Bruylants  the  oil  contains  a  terpene,  UioHia,  boiling  at  162°,  which 
yields  a  solid  monohydrochloride.  The  principal  part  (15  p.  c.)  is  said 
to  be  a  mobile  oil,  the  composition  of  which  corresponds  to  a  mixture 
of  boraeol.  CioHisO,  and  camphor,  CtoHmO.  On  cooling  to  —  2f>° 
no  solid  constituents  separated  out;  on  oxidation  with  potassium 
dichromate  and  sulphuric  acid,  ordinary  camphor  was  obtained.  This 
would  seem  to  show  conclusively  that  Bruylants  could  not  have  had 
genuine  lavender  oil  for  examination. 

The  most  recent  investigation  of  French  lavender  oil  was  made  by 
Bertram  and  Walbaum.1  According  to  it,  the  principal  constituent  is 
l-linalyl  acetate,  which  is  present  to  the  extent  of  30 — 15  p.  c.  Besides 
linalyl  acetate  the  ester  of  butyric  acid  and  perhaps  also  those  of 
propionic  and  valerianic  acids  are  present  in  small  amounts.  The 
presence  of  formic  acid  could  not  be  shown. 

Linalool  is  present  in  lavender  oil  not  only  as  ester,  but  also  in  the 
free  state.  After  acetylization,  67  p.  c.  of  ester  were  found  in  an  oil 
which  originally  contained  only  34  p.  c.  As  linalool  cannot  be  quanti- 
tatively determined  by  acetylization,  the  results  always  being  too  low, 
it  might  be  assumed  that  the  amount  of  linalool  present  in  lavender 
oil  is  about  as  great  in  the  free  state  as  in  the  form  of  ester. 

While  an  oil  distilled  by  Schimmel  &  Co.  from  the  dried  flowers  con- 
tained no  pinene,  a  small  amount  of  pinene  (nitrosochloride,  m.  p.  102°, 
nitrolbenzylamine,  m.  p.  122—123°)  was  found  in  the  first  runnings 
boiling  at  160—170°  of  a  larger  quantity  of  French  oil.  Cineol  is  like- 
wise only  present  in  traces.  In  one  case  it  could  only  be  detected  after 
the  linalool  contained  in  the  proper  fraction  had  been  destroyed  by 
heating  with  formic  acid.* 

If  larger  amounts  of  pinene  can  be  separated  from  lavender  oil,  the 
suspicion  of  adulteration  with  turpentine  is  justified,  especially  when 
supported  by  the  ester  determination,  the  sp.  gr.,  the  optical  rotation. 
and  the  solubility  in  70  p.  c.  alcohol.  On  the  other  hand  a  larger 
cineol  content  in  the  French  oil  indicates  adulteration  with  spike  oil. 

The  linalool  is  accompanied  in  lavender  oil  by  a  second  alcohol 
CioHisO,  geraniol.  From  the  fraction  boiling  at  110—120°  under 
13  mm.  pressure  by  treatment  with  calcium  chloride,  an  oil  could  be 
separated,  from  which  the  diphenyl  urethane  of  geraniol,  melting  at 
82°  could  be  obtained.8 

i)  Joura.  L  prakt.  Cbem.,  II,  45,  p.  390. 
))  Berleht  tod  8.  ft  Co..  Oct.  1898,  p.  23. 
»)  Berlrht  tod  S.  *  Co.,  Apr.  189S,  p.  82. 
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■  The  English  oil  of  lavender  has  been  investigated  by  Semmler  and 
Tiemann.1  From  the  first  runnings  of  this  oil  they  obtained  a  tetra- 
bromide  melting  at  105°,  and  thus  showed  the  presence  of  limonene. 
The  fraction  boiling  at  85—91°  under  15  mm.  pressure,  consisted  of 
1-linalool,  that  boiling  at  97—105°  of  l-linalyl  acetate.  In  the  last 
boiling  fractions  a  sesquiterpene,  C15H3+,  was  found  but  not  examined. 
The  English  oil  differs  from  the  French  in  its  larger  content  of  cineol,3 
as  well  as  its  low  ester  content,  amounting  to  only  5 — 10  p.  c. 

Examination  and  Valuation.  The  value  of  lavender  oil  depends  on 
its  content  of  linaly]  acetate.  Although  the  amount  of  ester  alone  is 
not  an  absolute  standard  for  the  quality  of  the  oil,  the  fineness  and 
value  of  the  oil  stands,  however,  in  direct  ratio  to  it,  providing,  of 
course,  that  the  oil  is  a  normal  distillate,  free  from  any  empyreumatic 
odor  due  to  careless  preparation.  Such  a  case  is,  however,  very  unlikely 
to  occur,  as  with  an  irrational  distillation  a  part  of  the  ester  is 
destroyed.  For  this  reason  a  carefully  prepared  oil  must  always  show 
a  comparatively  high  ester  content.  If  the  high  linaly]  acetate  is  partly 
decomposed  during  the  distillation,  the  free  acid  acts  detrimentally  on 
the  linalool  and  thus  influences  the  odor  also  in  this  manner  to  an 
appreciable  extent. 

By  adulterations  of  any  kind  the  ester  content  is  of  course  also 
lowered.  For  these  reasons  the  quantitative  saponification  is  absolutely 
necessary  in  testing  the  value  of  an  oil.  The  method  has  been  described 
in  detail  on  p.  193. 

In  testing  for  foreign  additions,  the  specific  gravity,  rotatory  power 
and  solubility  in  70  p.  e.  alcohol  must  be  considered. 

The  more  common  adulterants  are  turpentine  oil,  cedar  wood  oil, 
and  spike  oil.  Turpentine  oil  decreases  the  specific  gravity  and  the 
solubility  in  70  p.  c.  alcohol.  The  presence  of  pinene  can  also  be  readily 
shown  (see  under  Composition).  Spike  oil  does  not  influence  the 
solubility,  but  decreases,  as  it  contains  but  a  small  amount  of  linalyl 
acetate,  the  ester  content.  Besides,  spike  oil  differs  by  its  larger  cineol 
content. 

There  remains  to  be  mentioned  the  adulteration  of  lavender  oil  with 
the  ethyl  ester  of  succinic  acid,  which,  it  is  true,  has  been  observed  but 
once.8  It  is,  however,  worthy  of  mention,  as  the  addition  of  compara- 
tively small  amounts  of  this  succinic  ester  to  lavender  oil,  produces  a 

')  Berlchte,  25,  p.  118S. 

91  Bericht  tou  H.  &  Co.,  Oct.  1894,  p.  81. 

•}  Bertebt  tod  8.  &  Co.,  Apr.  189T,  p.  35. 
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high  saponification  Dumber  and  thus  the  amount  of  linalyl  acetate  is 
apparently  increased.  8  p.  of  ethyl  succinate  give  the  same  saponifi- 
cation number  as  18  p.  of  linalyl  acetate.  Apart  from  the  large, 
apparent  increase  in  the  ester  content,  the  ethyl  succinate  is  a 
dangerous  adulterant,  because  it  has  only  a  faint  odor,  which  is 
almost  completely  covered  by  that  of  the  lavender  oil,  and  also  because 
it  influences  but  slightly  the  solubility  and  rotatory  power.  The  specific 
gravity  of  the  succinic  ester  is,  however,  much  higher  than  that  of 
lavender  oil  and  may  thus  indicate  its  presence. 

In  testing  the  lavender  oil  for  the  esters  of  succinic,  oxalic  or  similar 
acids  which  may  here  be  employed,  the  property  of  the  acids  to  form 
difficultly  soluble  salts  with  barium  is  made  use  of. 

For  thin  purpose  about  2  g.  of  the  oil  are  saponified,  the  portion  insoluble 
in  water  separated  by  shaking  with  ether  and  the  aqueous  solution  neutralized 
with  dilute  acetic  acid.  The  solution  is  diluted  to  50  cc.  and  10  cc.  of  a  cold 
saturated  barium  chloride  solution  added.  It  is  then  warmed  For  two  hours 
on  a  waterbath  and  allowed  to  cool.  If  a  crystalline  deposit  is  formed,  the 
oil  is  to  be  considered  adulterated,  as  the  acids  contained  in  normal  lavender 
oil.  acetic  and  butyric  acids,  give  soluble  barium  unite. 

348.    Oil  of  Spike. 

Oleum  Spicae.— Suikol.  —  Essence  d'Anplc. 

Origin.  Lavandula,  spka  D.  C.  (L.  spic/i  ft  L.,  L.  vulgaris  p  Lam., 
L.  latifolia  Vill.,  Ger.  Spiklavenrfel),  has  about  the  same  distribution  in 
the  Mediterranean  countries  as  the  true  lavender.  It  grows,  however, 
mostly  in  the  lower  mountainous  regions,  not  exceeding  70U  m.,  at  an 
altitude  where  Lavandula  vera  D.  C.  just  begins.  The  oil  is  distilled 
exclusively  in  southern  France  in  the  same  manner  as  lavender  oil. 
160  k.  of  flowers  yield  1  k.  or  0.6*2  p.  c.  of  oil  (Laval'). 

History.  As  was  mentioned  under  lavender  oil  [p.  600)  the  dis- 
tillates of  various  species  of  lavender  have  since  antiquity  been  desig- 
nated as  spike  oil.  It  was  not  until  the  end  of  the  sixteenth  century 
that  lavender  oil  and  spike  oil  were  differentiated.  In  antiquity, 
probably  the  Lavandula  stoechus  L.  indigenous  to  the  Mediterranean 
coast  and  distinguished  by  its  aromatic,  violet-red  blossoms,  was 
commonly  used  for  the  preparation  of  spike  oil.  The  spike  or  stoechas 
oil  mentioned  in  the  writings  of  Dioscorides,  Pliny,  Scribonhis  Largus 
and  other  contemporaries  was  in  all  probability  only  aromatized  fatty 
oil,  like  the  rose  and  spikenard  oil  and  other  aromatic  oils  much  used 
in  antiquity. 
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The  distilled  spike  or  spikenard  oil  was  probably  known  in  the 
fifteenth  century.  Besides  cedar  (turpentine)  oil  it  is  the  only  distilled 
oil  mentioned  by  Branson  wig  in  his  "Destillirbach"  of  1500  as  Oleum 
de  Spica.  from  "Provinz"  (Provence).  Saladin  also  mentioned  spikenard 
oil  at  the  end  of  the  fifteenth  century. 

Valerius  Cordus  mentioned  in  his  Pispensatorium'  Noricum  of  1543 
only  three  distilled  oils:  turpentine  oil,  juniper  oil  and  spike  oil.  Ryff 
described  in  his  treatise  on  distillation  published  somewhat  earlier,  the 
distillation  of  "Spik  und  andereu  fiirnemen  Olen"  and  added  the  state- 
ment that,  "das  Spiken-  oder  Lavendelol  gemeygklich  aus  der  Provini 
Frankreich  gebracht  wird  in  kleinen  gliisslin  eingefasst  und  theuer  ver- 
kaufft."  In  the  sixteenth  century  the  several  species  of  lavender  were 
cultivated  in  Germany  and  in  England. 

Gesner  used  the  name  spike  oil  only  and  described  the  distillation 
of  the  spike  blossoms,  whereas  Porta  at  the  end  of  the  sixteenth  century 
described  also  the  distillation  of  lavender  blossoms  and  especially 
emphasized  the  superiority  of  the  oil  from  the  French  lavender.  An 
interesting  description  of  the  preparation  of  the  French  spike  or  lavender 
oil  is  contained  in  the  works  of  Pemachy  of  1773. 

In  medical  works  Oleum  spieae  has  been  mentioned  as  early  as  the 
thirteenth  century.  It  was  included  in  the  first  edition  of  the  Dispensa- 
torium  Noricum  of  1543,  and  Oleum  lavandulae  is  also  mentioned 
together  with  spike  and  other  essential  oils  in  the  1589  edition.  The 
Pharmacopoea  Augustana  of  Occo,  contains  up  to  1613  only  Oleum 
apicae,  from  that  date  on  also  Oleum  btvkndulae. 

Spike  oil  is  mentioned  in  the  oldest  drug  and  price  ordinances  of 
German  citieB,  Oleum  lavavdulae,  however,  is  not  found  until  1582  in 
the  Frankfurt  ordinance. 

The  statements  of  Pemachy  and  other  writers  of  his  time  agree 
with  the  assertions  of  later  authors,  that  the  spike  oil  found  in 
commerce  in  the  eighteenth  century  was  probably  only  a  distillate  or 
mixture  of  turpentine  and  lavender  oils. 

The  yield  of  oil  from  the  distillation  of  spike  and  lavender  blossoms 
appears  to  have  been  first  mentioned  by  Lewes,1  also  by  Cartheuser.* 
The  so-called  "lavender  camphor"  was  observed  in  1785  by  Arezula," 
and  in  18(H)  by  Proust.  The  first  investigations  or  lavender  oil  were 
made  by  Sauesure.* 

i>  The  new  Dlnpensntory,  174«. 
»)  Elements  chymiae,  vol.  2,  pp.  1 88 
and  149. 
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Properties.  Spike  oil  is  a  yellowish  liquid,  of  a  eamphor-like  odor, 
reminding  at  the  same  time  of  lavender  and  rosemary.  The  specific 
gravity  lies  between  0.905  and  0.915.  Spike  oil  is  always  dextrogyrate. 
As  a  rule  the  angle  of  rotation  an  is  up  to  +  3°,  rarely  up  to  +  7°. 
It  is  clearly  soluble  in  2 — 3  and  more  parts  of  70  p.  c.  alcohol.  The 
saponification  number  is  about  15,  corresponding  to  5  p.  c.  of  linalyl 
acetate  (bornyl  or  terpinyl  acetate,  resp.). 

Composition.  The  first  constituent  identified  with  certainty  in  spike 
oil  is  camphor  (Kane,1  1838).  This  compound  does  not  occur  in 
genuine  lavender  oil,  as  was  shown  in  the  preceding  article,  although 
the  older  authors  claim  to  have  found  it.  It  is,  therefore,  highly 
probable  that  a  part  of  the  earlier  investigations  were  made  on  spike 
oil  and  not  on  lavender  oil.  Besides  camphor,  Bruylants3  (1879)  also 
found  borneol  in  spike  oil. 

The  oil  was  thoroughly  investigated,  partly  by  Bouchardat0  alone 
in  1893,  partly  in  co-operation  with  Voiry*  in  1888.  By  repeated 
fractionation  a  very  insignificant  amount  (0.2—0.25  p.  c.)  of  an  oil 
boiling  about  160°  was  finally  obtained,  which  yielded  a  solid  hydro- 
chloride melting  at  129°.  On  boiling  with  alcoholic  potassium  acetate 
this  was  decomposed  for  the  greater  part,  and  gave  dextrogyrate 
camphene,  solidifying  in  the  cold.  Whether  or  not  d-pinene  is  present 
together  with  the  d-camphene.  conld  not  be  definitely  shown.  Bouchardat 
believed  that  the  portion  of  the  solid  hydrochloride  which  was  not 
decomposed  by  boiling  for  a  short  time  with  alcoholic  potassium 
acetate,  was  pinene  hydrochloride.  The  fraction  boiling  about  175°, 
about  10  p.  c.  of  the  oil,  solidified  in  a  freezing  mixture,  and  consisted  of 
cineol,  CioHisO,  of  which  the  hydrochloride  and  di bromide,  CinHisOBra, 
were  prepared. 

The  portion  going  over  at  about  200°  was  a  mixture  of  l-linalool, 
d-catnphor  and  d-borneol.  Thelinalool  (b.  p.  198—199,  aD  =  — 16° 44'), 
was  converted  into  geranyl  acetate  by  boiling  with  acetic  acid  anhydride. 
The  camphor  oxime  prepared  from  the  camphor  had  all  the  properties 
of  the  oxime  obtained  from  ordinary  camphor.  The  borneol,  after  it 
had  been  separated  from  the  camphor  by  means  of  benzoic  acid  anhyd- 
ride, likewise  turned  the  ray  of  polarized  light  to  the  right. 

Spike  oil  may  also  contain  terpineol,  for  Bourchardat  obtained 
dipentene  dihydrochloride  on  conducting  hydrochloric  acid  gas  into  the 


bl.,  1879,  p.  816. 
•)  Compt.  rend.,  117,  pp.  B8  and  1094. 
*)  Compt.  rand.,  TOO,  p.  001. 
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fraction  having  the  boiling  point  of  terpineol.  The  formation  of  this 
hydrochloride  cannot,  however,  be  definitely  traced  to  terpineol,  as  it 
might  also  have  been  formed  from  linalool  or  geraniol.  The  geraniol 
also  has  not  been  positively  identified.  Hydrochloric  acid  yielded  with 
the  fraction  boiling  at  145—160°  in  a  vacuum  and  smelling  like 
geraniol,  a  liquid  hydrochloride  of  the  properties  of  geranyl  chloride.1 
The  analysis  of  the  portion  of  the  oil  going  over  at  250°,  gave  results 
agreeing  with  CisHsj,  which  indicates  a  sesquiterpene. 

Examination.  Turpentine  oil,  with  which  spike  oil  is  probably  most 
often  adulterated,  is  recognized  by  the  lowering  of  the  specific  gravity, 
tlie  diminution  in  solubility,  and,  when  French  turpentine  is  present  in 
larger  amount,  by  the  inversion  of  the  rotation  to  the  left.  If  the 
amount  of  this  oil  is  so  small  that  only  a  decrease  but  no  inversion 
of  the  angle  of  rotation  takes  place,  while  sp.  gr.  and  solubility  of  the 
oil  appear  suspicious,  the  first  5 — 10  p.  c.  going  over  on  fractional 
distillation  should  be  tested  in  the  polariscope. 

As  with  rosemary  oil  (p.  504)  the  lowest  boiling  portions  of  spike 
oil  are  always  dextrogyrate,  while  even  a  small  addition  of  French 
turpentine  oil  produces  laevorotation.  Moreover,  with  genuine  spike  oil 
the  amount  of  the  terpenes  boiling  at  about  160°  is  very  small,  so 
that  the  oil  can  also  be  declared  adulterated  (American  turpentine  oil, 
camphor  oil)  when  at  this  temperature  larger  amounts  of  dextrogyrate 
terpenes  distill  over. 

The  addition  of  rosemary  oil  is  more  difficult  to  recognize.  This  is, 
however,  much  more  rarely  used  as  adulterant,  as  the  difference  in  price 
is  not  great.  Sp.  gr.,  rotation  and  boiling  temperature  of  spike  and 
rosemary  oils  are  about  alike,  only  the  solubility  in  70  p.  c.  alcohol  is 
different.  Mixtures  of  these  two  oils  often  dissolve  in  2 — 3  parts  of 
70  p.  c.  alcohol  to  form  a  clear  solution,  but  it  becomes  turbid  on  the 
further  addition  of  70  p.  c.  alcohol. 

Schimmel  &  Co.2  have  shown  that  spike  oil  contained  more  than 
30  p.  c,  rosemary  oil  only  up  to  15  p.  c.  of  alcoholic  constituents 
which  could  be  determined  by  acetylization.  Umney, 8  therefore, 
suggests  for  judging  the  purity  of  the  oil  and  for  detecting  the  presence 
of  rosemary  oil,  to  acetylize  the  suspected  oil,  and  to  reject  oils  which 
show  a  content  of  less  than  30  p.  c.  of  alcohols  as  adulterated  with 


to  Tlenmna  (Berlcht*.  SI.  p.  882)  geran 
i  of  different  Isomeric  chloriil™  and  nut  a 
u  8.  ft  Co.,  Oct.  1804,  p.  66. 
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rosemary  oil.  It  must  here  be  remembered  that  the  alcoholic  con- 
stituents of  spike  oil  consist  for  the  greater  part  of  linalool,  and  that 
this  body  cannot,  as  is  well  known,  be  quantitatively  acetylized,  as  it  is 
partly  decomposed  with  the  formation  of  terpenes.  Inasmuch  as  the 
acetylization  result  depends  on  the  length  of  time  the  acetic  acid 
anhydride  react*  on  the  oil,  the  result*  obtained  can  be  used  for 
judging  the  purity  of  spike  oil,  only  when  the  exact  conditions  under 
which  the  acetylization  gives  uniform  results  have  been  determined. 
Furthermore,  the  limits  between  which  the  apparent  alcohol  content 
thus  determined  varies  with  normal  spike  oil,  ought  to  be  ascertained 
by  a  series  of  experiments. 

349.  OH  of  Lavandula  Stoechaa. 

Lavandula  stoechas  L.  is  known  in  Spain  as  Romero  sunto  (holy 
rosemary)  (p.  607).  Its  volatile  oil  and  also  that  of  Lavandula  dentate 
L.  is  there  obtained  for  domestic  use,  by  hanging  the  fresh,  flowering 
plants  with  the  flower  heads  downward  in  bottles,  which  are  sealed  and 
exposed  to  the  sun.  On  the  bottom  a  mixture  of  water  and  volatile 
oil  collects,  which  is  used  as  a  styptic  for  washing  wounds,  and  also 
for  eruptions. 

The  odor  of  the  oil  does  not  in  the  least  remind  of  lavender,  but  ie 
rather  more  similar  to  rosemary,  having  the  camphor-like  properties 
of  the  latter.  The  sp.  gr.  of  a  sample  of  oil  was  0.942.  It  boiled  from 
180 — 245°;  the  lower  boiling  portions  contained  eineol.1 

350.  OH  of  Lavandula  Dentata. 

The  oil  of  Lavandula  dentata  L.  is  very  similar  to  that  of  Lavandula 
stoechas  L.  Its  odor  reminds  strongly  of  rosemary  oil  and  camphor. 
It  has  the  sp.  gr.  0.926,  distills  almost  completely  between  170 — 200° 
and  contains  eineol.1 

351.    Oil  of  Lavandula  Pedunculata. 

An  oil  of  Lavandula  pedunculata  Cav.  coming  from  Portugal,  is 
described  by  Schimmel  &  Co.a  as  follows:  "The  oil  has  a  difficultly 
definable,  not  pleasaut  odor,  and  is,  therefore,  useless  for  practical 
purposes.  Sp.  gr.  0.939;  «n= — 44°54'.  It  is  soluble  in  an  equal  part 
of  80  p.  c.  alcohol.  The  high  saponification  number  111.7  corresponds 
to  a  content  of  39  p.  c.  of  an  acetic  acid  ester  of  an  alcohol  CioHisO. 

■)  Berlcht  roil  S.  &  Co.,  Oct.  1SS9,  p.  M.  »)  Ibidem.  Oct.  1898.  p.  88. 
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On  distilling  the  saponified  oil  with  steam  a  light  yellow  liquid  came 
over.  The  first  fraction  contained  cineol,  as  was  shown  by  the  cineot- 
iodole  compound.  The  odor  of  this  fraction  suggests  the  presence  of 
thujoue,  together  with  the  cineol." 

352.    Oil  of  Catnep. 
The  oil  of  Nepeta  cat&ria  L.  indigenous  to  North  America  and  used 
as   a  domestic  remedy,   has   a  not  pleasant,  mint-  and  camphor-tike 
odor.    8p.  gr.  1.041.' 

353.    Oil  of  Ground-ivy. 

From  the  dried  herb  of  the  ground-ivy,  Nepeta  glechoma,  Benth. 
(GlecEoma  heder&cea  L.),  Schimmel  A  Co.a  obtained  0.3  p.  c.  of  volatile 
oil.  It  had  a  difficultly  definable,  not  pleasant  odor,  and  was  dark  in 
color.    Sp.  gr.  0.925. 

354.    Oil  of  Sage. 
Oleum  Salrtae.— SalbeiSl.—  Essence  de  Ssnge. 

Origin  and  History.  The  somewhat  shrub-like  sage,  Salvia  officinalis 
L-,  is  indigenous  to  the  northern  countries  of  the  Mediterranean,  and  is 
cultivated  in  many  countries  of  moderate  climate  as  a  garden  plant  for 
medicinal  purposes.  The  plant  will  grow  as  far  north  as  the  northern 
part  of  Norway, 

Sage  appears  to  have  been  used  as  a  medicinal  herb  at  the  time  of 
the  Romans  and  was  one  of  the  plants  recommended  by  Charlemagne  for 
cultivation.  In  the  "Destillirbuch"  by  Brunschwig  of  1500  a  distinction 
is  made  between  large  and  small  sage  for  the  distillation  of  sage  water 

The  distilled  oil  of  sage  is  first  mentioned  in  the  price  ordinances  of 
Worms  of  1582  and  of  Frankfurt  of  1587  and  is  included  in  the  1589 
edition  of  the  Dispensatorium  Noricum.  The  distillation  of  the  oil  has 
been  described  by  Begnini  in  1688,  and  the  yield  of  oil  from  the  leaves 
was  determined  by  Wedel  in  1715  and  Cartheuser  about  1732. ■ 

In  1720  Geoffroy  observed  a  stearopteue  which  had  crystallized  from 
the  oil  and  which  he  termed  sage  camphor.4  The  same  substance  was 
again  observed  by  Arezula  in  1789  and  described  by  him.6     The  first 

I)  Iferlcbt  von  S.  &  Co.,  Oct.  1891,  p.  40. 

>>  Bericht  vod  S.  *  Co.,  Apr.  1894,  p.  SS. 

*)  Elements  chymlae,  vol.  3,  p.  87. 

*)  Mem.  de  I'Acad   roy.  dee  (deuces  de  Parte,  1721,  p.  168. 

■)  Reeultado   de  lu  experlenclae   hechu  eobre  el  elcaafor  de  Murcla   Don  Iteende. 
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examination  of  the  leaves  appears  to  have  been  made  by  Iliech1  in 
1810;  whereas  the  oil  was  investigated  by  Herberger2  in  1829  and  by 
Rochleder*  in  1841. 

Preparation.  For  the  distillation  of  the  oil  the  wild  Dalmatian 
herb,  which  grows  abundantly  and  is  brought  into  the  market  in  large 
compressed  bales,  alone  seems  to  be  used.  The  yield  from  Dalmatian 
leaves  is  1.3—2.5  p.  c.  German  leaves  upon  distillation  yielded  1.4  p.  e. 
of  oil. 

Properties.  Oil  of  sage  is  a  yellowish  or  greenish-yellow  liquid 
possessing  the  peculiar  odor  of  the  herb  while  at  the  same  time  re- 
minding somewhat  of  tansy  and  camphor.  Sp.  gr.  0.915—0.925 ;  aD  = 
+ 10  to  +  25°.  The  oil  is  soluble  in  two  and  more  parte  of  80  p.  c. 
alcohol.    Saponification  number  107. 

Composition.  The  presence  of  the  following  substances  has  been 
definitely  determined :  pinene,  cineol,  thujone  and  borneol. 

11  Pinene.  From  the  laevogyrate  fraction  boiling  at  156 — 158", 
Tilden,*  also  Muir  and  Sugiura0  obtained  a  nitrosochloride.  Wallach 
converted  the  nitrosochloride  into  nitrosopinene"  (CioHmNO,  m.  p.  130°) 
and  the  original  fraction  into  dipentene  T  (tetrabromide,  m.  p.  124 — 125°) 
and  thus  established  the  identity  of  the  hydrocarbon  present  with  pinene. 
With  regard  to  the  optical  rotation,  the  statements  vary.  Muir  and 
Sugiura  found  the  fraction  at  one  time  laevogyrate,  at  another  dextro- 
gyrate; Wallach  found  it  optically  inactive.  The  fraction,  therefore, 
seems  to  consist  of  a  mixture  of  the  two  optical  isomers,  in  which  at 
times  the  one,  at  times  the  other  isomer  predominates. 

2)  Cineol.  Fraction  174 — 178°  yielded  no  nitrosochloride.  By 
means  of  the  hydro brom  addition  product,  Wallach  was  able  to  isolate 
pure  cineol.8 

3)  Thujone  (tanacetone,  sal  viol,  salvone),  CioHmO.  Fraction 
198—203°  was  regarded  by  Muir  and  Sugiura  as  having  the  com- 
position CioHisO,  later  CioHisO  and  was  termed  sal  viol.     Semmler  in 

1)  Troiumeiltirft'H  Jonrn.  der  Pharm.,  30,  II.  p.  T. 

i)  Buchner's  Report,  f.  d.  Phsrm.,  84,  p.  181. 

*)  LleblK'a  Annalen,  44,  p.  4. 

*|  Jim™.  Chero.  Soc..  1877,  I,  p.  B34;   Abatr.  Jabreab.  t.  Chem.,  1S77,  p.  497. 

i)  PhlloBoph.  Mafrai.  and  Journ.  of  Science,  V,  4,  p.  8U6.—  I'lmrm.  Journ.,  Ill,  S, 
pp.  191,  394;  Jonrn.  Chem.  Soc,  1877,  II.  p.  S4S;  Abatr.  Jabreab.  I.  Them.,  1877, 
p.  907.  — Chem.  New»,  87,  p.  311;  Journ.  Chem.  Soc.,  88,  p.  202;  Ab*tr.  Jahreeb.  f. 
Chem..  187S,  p.  980.  — Journ.  Chem.  Soc,  87,  p.  078;  Chem.  News.  41.  p.  22B:  Abatr. 
Jfthreab.  I.  Chem.,  1880,  p.  1080. 

«)  UebiK'a  Annalen,  2K2,  p.  108. 

I)  LlehlK'H  Annalen,  337,  p.  389. 

>)  Lleblg'a  Annalen,  252,  p.  108. 
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1892  declared  salviol,  which  constituted  50  p.  c.  of  the  oil  of  sage,  as 
identical  with  tanacetone.1  Two  years  later,  however,  he  expressed  his 
doubt  as  to  their  identity.*  By  a  comparison  ot  the  physical  properties 
of  the  compounds  regenerated  from  their  acid  sulphite  addition  products, 
Bchimmel  &  Co.8  established  the  identity  of  the  corresponding1  ketones 
from  the  oils  of  sage,  thuja,  tansy  and  wormwood.  Wallaeh*  also 
obtained  identical  derivatives  from  thujone,  tanacetone,  salvone  and 
absinthol.    For  the  properties  and  derivatives  of  thujone  see  p.  167. 

4)  Borneol.  Upon  oxidation  of  oil  of  sage.  Rochleder5  had 
obtained  camphor  which  evidently  had  existed  in  the  oil  as  such  or  had 
been  derived  from  borneol  by  oxidation.  Sugiura  and  Muir  had  observed 
that  the  higher  boiling  fractions  of  the  oil  separated  crystals  upon 
cooling,  which  resembled  camphor  but  did  not  ngTee  with  it  in  all  of 
its  properties.  In  order  to  decide  whether  camphor  is  contained  in  the 
oil  or  not,  Schimmel  &  Co.8  fractionated  an  oil  which  they  had  distilled 
from  Dalmatian  herb,  and  submitted  to  a  freezing  mixture  those 
fractions  which  ought  to  have  contained  the  camphor  if  present.  No 
solid  substance  separated.  Acetylization,  however,  indicated  the  presence 
of  an  alcohol  (abt.  8  p.  c.  calculated  as  CioHisO).  A  part  of  the 
fraction  was,  therefore,  treated  with  benzoyl  chloride.  The  benzoate  was 
separated  and  saponified  and  a  substance  corresponding  with  borneol 
in  all  of  its  properties  resulted.  After  repeated  cry  stall  ization  it  melted 
at  204°.  In  10  p.  c.  alcoholic  solution  it  deviated  the  ray  of  polarized 
light  0°23'  to  the  right.  The  borneol  of  oil  of  sage  is,  therefore,  a 
mixture  of  the  dextrogyrate  and  laevogyrate  modifications.  Camphor 
could  not  be  found  in  the  oil  examined.  This  does  not,  however, 
exclude  its  presence  in  other  than  the  Dalmatian  oils. 

According  to  Muir,  English  oil  of  sage  contains  much  cedrene, 
b.  p.  260°,  some  terpene  and  only  traces  of  oxygenated  constituents  (?). 

3S5.    Oil  of  Salvia  Sclarea. 

This  oil  is  distilled  from  the  dry  herb,  or  better  from  the  fresh  herb 
of  the  muscatel  sage  Salvia  selatva  L.  Its  odor  is  pleasant,  lavender- 
like and,  after  evaporation  of  the  more  volatile  portions,  reminds  of 
ambra.  Sp.gr.  0.907—0.928;  aD  =  — 19°22'  to  —  24°1';  saponification 
number  144,  corresponding  to  50.4  p.  c.  of  linalyl  acetate.    Judging 

■  )  BerlehW.  35,  p.  8830.  *)   Ueblfc's  Annalen,  386,  p.  S3. 

■)  Berlchte,  37,  p.  895.  ')  Lleblff'a  Aniialnii,  44,  p.  4. 

»)  Berlcht  ron  B.  A  Co.,  Oct.  1804.  p.  51.         <)  Berlcht  von  H.  &  Co.,  Oct.  1S0S,  p.  40. 
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from  the  odor,  this  eater  is  a  constituent  of  the  oil,1  but  its  presence 
has  not  yet  been  chemically  established. 

356.  Oil  of  Moaarda  Punctata. 

The  American  labiate,   Monarda  punctata  L.,  commonly  known  as 

borsemint,  yields  upon  distillation  about  3  p.  c.  of  volatile  oil  which 
is  yellowish-red  or  brownish  in  color  and  of  a  pungent  thyme-like  and 
minty  odor.  Sp.  gr.  0.930 — 0.940;  slightly  dextrogyrate.  Upon 
prolonged  standing  thymol  separates  in  large  crystals,  or  crusts. 

Composition.  Thymol  was  discovered  in  the  oil  by  Arppe2  in  1846. 
It  is  present  in  such  quantity  that  the  oil  has  served  for  ite  preparation 
on  a  large  scale.8  According  to  SchrOter*  (1888),  the  oil  is  reported 
to  contain  50  p.  c.  of  a  laevogyrate  hydrocarbon,  b.  p.  170—173°, 
25  p.  c.  of  a  dextrogyrate  (!),  n  on -crystal  I  liable  thymol,  and  a 
substance  CioHisO  (?),  b.  p.  240—250°.  These  statements,  which  do 
not  inspire  confidence,  throw  doubt  both  upon  the  results  and  the 
material. 

From  material,  identified  by  botanical  authority,  Schumann  and 
Kremers"  obtained  an  oil  which  contained  as  much  as  61  p.  c.  of  thymol 
when  assayed  according  to  the  iodine  method  described  under  oil  of 
thyme.  The  non-phenol  portion  of  the  oil  contained  cymene,  C10H14, 
identified  by  the  oxypropyl  benzoic  acid,  m.  p.  155 — 156°.  Fraction 
186—202°  contains  oxygen  and  consists  possibly  of  linalool.  In  addition 
to  thymol,  Hendricks  and  Kremers6  found  a  phenol  fraction  which 
would  not  solidify  npon  cooling  and  possibly  contains  carvacrol.  They 
also  found  traces  of  d-limonene  identified  by  means  of  its  nitrol- 
benzylamine  base  melting  at  94°. 

357.  Oil  of  Monarda  Fiatnloea. 

Wild  bergamot  or  Monarda,  flstulosa  L.  yields  according  to  Kremers 
upon  distillation  an  oil  similar  to  that  of  M.  punctata.'1  The  sp.  gr. 
of  a  number  of  oils  distilled  from  the  entire  plant  at  different  periods 
from  June  to  September  varied  from  0.916  to  0.941.  Optical  rotation 
is  slightly  to  the  left.  The  amount  of  phenol  varies  from  52 — 58  p.  c. 
The  phenol  of  this  species,  however,  is  not  thymol  but  carvacrol.  This 
isomer  was  identified  by  means  of  dicarvacrol  (m.  p.  147 — 148°),  carva- 

i)  Berlcht  von  S.  &  Co.,  Apr.  188ft,  *}  Am.  Journ.  Pharm.,  60,  p.  118. 

p.  44:  Oct.  1894,  p.  8S.  >)   Pharm.  Review,  14,  p.  22:1. 

■)  Liebig'a  Annalen,  08,  p.  41.  •)  Pharm.  Arcbiveii,  3.  p.  78. 

*)  Berlcbt  von  8.  &  Co.,  Oct..   1885,  >)   Pharm.      Rund«taau,     18,      p.     207; 

p.  90.  Pharm.  Review,  14,  p.  198. 
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crol  sulphonic  acid  (m.  p.  58 — 59°),  nitroso  carvaerol  (m.  p.  153 — 154°) 
and  dinitro  carvaerol  (m.  p.  117—119°).  Other  constituent*  are  cymene. 
identified  by  meant)  of  oxypropyl  benzoic  acid  (m.  p.  156°),  and  lirao- 
nene,  identified  by  means  of  its  nitrolbenzylamine  base  (m.  p.  93°).' 

Upon  steam  distillation  of  the  phenol  separated  from  its  alkaline 
solution  by  acid,  in  one  instance  a  red  substance  crystallized  in  the 
cooler.  Purified  by  sublimation,  it  melted  at  256—266°  and  behaved 
toward  alkalies  like  alizarin. 

358.  Oil  of  Monarda  Didyma. 
This  oil  is  presumably  similar  in  composition  to  that  of  the  two 
previous  oils.  Concerning  it  Fliiekiger3  makes  the  following  statement: 
"In  1796  Brunti,  apothecary  in  Gilstrow,  observed  a  crystalline  deposit 
(evidently  thymol)  in  the  oil  from  Monard-i  didyma  L.,  which  it  seems 
had  been  imported  from  America." 

350.    Oil  of  Balm. 

Oleum  Melissae.  —  MeHssenSl.  —  Essence  lie  Mellsse. 

Origin  and  History.  The  labiate,  Melissa  officinalis  L.  is  indigenous 
to  the  northern  Mediterranean  countries  from  Spain  to  the  Caucasus. 
and  is  cultivated  as  a  garden  plant  and  for  medicinal  purposes  in  Europe 
and  North  America 

On  account  of  its  fragrance,  balm  was  cultivated  by  the  Greeks, 
Romans  and  Arabs,  and  during  the  middle  ages  in  Italy,  Germany  and 
Scandinavia.  During  the  period  of  distilled  waters,  from  the  fifteenth 
to  the  seventeenth  centuries,  balm  water  was  a  current  article.  Oil  of 
balm  appears  to  have  come  into  use  about  the  middle  of  the  sixteenth 
century.  It  is  first  mentioned  in  the  ordinance  of  Frankfurt  on  -the- Main 
Tor  1582  and  in  the  Dispensatorium  Noricum  of  1589. 

Comparable  to  the  distillate  from  rosemary  of  the  sixteenth  century 
which  was  the  precursor  of  the  Eau  de  Cologne  of  the  eighteenth  and 
nineteenth  centuries,  the  fragrant  distillate  from  balm,  lemon  peel  and 
lavender  of  the  seventeenth  century  developed  later  into  a  very  popular 
perfume.  It  was  first  prepared  by  the  Carmelite  monks  of  Paris  in  1611 
and  became  famous  as  Eau  de  Carmelites  (Ger.  Karmelitergeist).  Later 
the  alcoholic  distillate  was  made  officinal  as  Spiritua  Melissae  cow- 
positns. 

The  earlier  investigations  of  the  oil  were  made  by  Schultz  in  1739, 
by  Hoffmann  about  the  same  time,  and  by  Dehne  in  1779. 

i)  i'hai'iii.  Archive*,  SI,  p.  TS.  »)  Archlr  d.  Phnrm..  U13,  p.  488. 
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The  balm  oil  of  commerce  is  no  pure  distillate  from  the  balm.  It 
may  be  an  oil  of  lemon  distilled  over  balm  {Oleum  melissas  eitratum), 
or  a  citronella  oil  treated  in  the  same  way,  or  merely  a  fractionated 
citronella  oil.  The  yield  from  the  herb  Melissa  officinalis  L.  is  so  small 
that  the  price  of  the  oil  would  have  to  be  extremely  high.  An  oil 
distilled  from  the  dry  herb  by  Schimmel  &  Co.  -was  solid  at  ordinary 
temperature  and  contained  citral '-  as  was  shown  by  Doebner's  reaction. 
Later  the  same  firm  subjected  the  fresh  herb  of  two  varieties  of  halm 
to  distillation.3 

1)  Fresh  herb,  just  beginning  to  blossom.  Tield  0.014  p.  c. ; 
sp.  gr.  0.924;  aD  =  +  0°80'.    The  oil  had  a  very  pleasant  balm  odor. 

2)  Fresh  herb  in  full  blossom.  Yield  0.104  p.  c;  sp.  gr.  0.894; 
optically  inactive.  The  odor  was  less  pleasant  than  that  of  the  first 
oil  and  distinctly  indicated  the  presence  of  citral  and  citronellal. 

The  attempt  to  prove  the  presence  of  these  two  aldehydes  by  means 
of  Doebner's  reaction  yielded  no  positive  result.  The  resulting  acids 
from  both  oils  began  to  melt  at  about  208°  and  were  completely 
liquified  at  225°.  Evidently  the  mixture  consisted  of  the  citral  com- 
pound (m.  p.  197—200°)  and  the  citronellal  compound  (m.  p.  225°). 

360.    Oil  of  Pennyroyal. 

Oleum  Hedecrn&e.     Peunrrojal-  oder  amerlkanlsohes  Foleifil.  —  Essence 
rilniliUM 

Origin  ind  History.  The  oil  from  the  American  labiate,  Hedeoma 
palegioidee  Persoon  is  so  similar  to  the  oil  from  the  European  Mentha 
pulegium  L.,  that  it  is  frequently  substituted  for  the  latter.  Pennyroyal 
is  found  from  the  Atlantic  states  to  the  Rockies.  For  its  distillation 
very  simple  apparatus  are  used  and  the  operation  is,  therefore,  con- 
ducted in  various  regions.  The  bulk  of  the  oil  is  reported  as  being 
distilled  in  North  Carolina  (Harris8)  and  in  the  southern  and  eastern 
sections  of  Ohio.4  The  primitive  stills,  like  those  used  for  the  distil- 
lation of  sassafras  and  wintergreen  (pp.  397  and  588),  consist  of  a 
barrel  resting  on  a  kettle  used  as  boiler.  The  boiler  is  placed  over  a 
flre-plaee  dug  into  the  ground  and  provided  with  a  chimney.  The  barrel 
is  connected  with  a  tube  condenser  resting  in  a  trough  through  which 

i)  Bench  i.  von  S.  &  Co,.  Oct.  1894,  p.  87. 
»)  Berlcht  von  S.  &  Co..  Oct.  18B5.  p.  !58. 
')  Pharai.  Jo  urn..  III.  IT,  p.  672. 

*)  Comp.  K  reman-,  Proceed.  Am.  rhino.  Asaoc  ,  65.  p.  546.  —  J.  F.  Patton,  Proc. 
Penn.  Pharm.  Aaa.,  1890;  and  Pros.  A 
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cool  water  flows.  The  fresh  herb  is  distilled,  a  ton  yielding;  about 
10—12  pounds  oE  oil.  The  dry  leaves1  yield  about  3  p.  c,  the  dry 
stems  and  leaves  only  1.3  p.  c.  oil. 

Properties.  American  pennyroyal  oil  is  a  light  yellow  liquid,  of  a 
characteristic  minty  and  sweetish  odor  and  an  aromatic  taste.  Sp.  gr. 
0.925—0.940;  «id="+18  to  +22°.  It  is  soluble  in  two  or  more  parts 
of  70  p.  c.  alcohol.  By  means  of  this  property,  adulterations  with 
petroleum,  turpentine  oil  and  other  essential  oils  can  readily  be  detected. 

Composition-.  The  principal  constituent  of  pennyroyal  oil  is  pule- 
gone,  the  presence  of  which  was  established  by  Habhegger*  by  means 
of  the  hydrated  pulegone  oxime,  CjoHieNOH.HaO,  m.  p.  147°,  and  by 
the  benzoyl  e3ter  of  the  latter  melting  at  141°. 

Kremers s  found  in  the  oil  heated  with  potassa  two  ketones,  CioH  isO. 
The  one  boiled  at  168—171°  and  yielded  an  oxime  melting  at  41—43°; 
the  other  boiled  at  200 — 209°  and  yielded  an  oxime  melting  at  52°. 
The  latter  is  possibly  identical  with  menthone.  Formic,  acetic  and 
isoheptoic  acids  were  also  found. 

361.    Oil  of  Hyssop. 

Oleum  HjaB0|>i.     Isoprtl.  -Essence  d'Hjsope. 

Hyssop  oil  was  formerly  used  medicinally  and  is  mentioned  in  the 
drug  ordinances  of  Berlin  for  1574  and  of  Frankfurt-on-t  he-Main  for 
1582.  It  is  distilled  from  the  herb  of  Hyseopus  officinalis  L.*  The 
yield  from  the  dry  herb  is  about  0.3—0.9  p.  c.  The  oil  has  a  pleasantly 
aromatic  odor  reminding  of  male  fern.  Sp.  gr.  0.925—0.94;  aoH — 17 
to  —23°.  It  forms  a  clear  solution  with  2 — 4  parts  of  80  p.  c.  alcohol, 
while  with  70  p.  c.  alcohol  even  10  parte  will  render  only  a  turbid 
solution. B  The  saponification  number  of  one  oil  was  1.4,  after  acetyli- 
zation  45. 

The  oil  begins  to  boil  at  about  170°;  but  little  passes  over  below 
175°,  the  bulk  distills  between  200  and  218°  and  has  a  strong  odor  of 
thujone  or  thujyl  alcohol. 

An  examination  by  Stenhouse*  was  restricted  to  the  analysis  of 
various  fractions  from  which  no  conclusions  as  to  the  composition  of 
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the  oil  could  be  drawn.  Besides,  the  oil  examined  by  8  ten  house  appears 
to  hare  been  adulterated  with  turpentine  oil.  One  of  his  fractions 
began  to  boil  at  160°,  whereas  pure  oil  begins  to  boil  at  170°. 

Several  French  oils  had  properties  that  deviated  materially  from 
those  of  pure  oils.  The  sp.  gr.  of  one  of  these  oils  was  0.95  and  the 
angle  of  rotation  +  (!)  45°.  They  had  a  strong  odor  of  fenchone,  thus 
leading  to  the  supposition  that  they  consisted  principally  of  the  first 
runnings  of  fennel  oil. 

362.    Oil  of  Satureja  Hortenaia. 

Origin  Ann  Hibtory.  Satureja,  hortensis  L.  (Ger.  Bohnen-  or  Pfeffer- 
kraut)  owes  its  odor  and  pungent  taste  to  a  volatile  oil  obtained  by 
steam  distillation.  The  yield  from  the  fresh  herb  is  about  0.1  p.  c. 
The  oil  is  enumerated  in  the  Frankfurt  ordinance  of  1582  among  the 
medicinal  volatile  oils. 

Properties.  The  oil  possesses  the  strong  aromatic  odor  of  the 
plant  and  a  sharp,  biting  taste.  The  sp.  gr.  of  the  oil  distilled  from 
the  fresh  herb  lies  between  0.900  and  0.925;  aD  =  +  0°4'  (determined 
on  a  single  oil);  phenol  content  38 — 12  p.  c.  The  oil  forms  a  clear 
solution  with  10  parts  of  80  p.  c.  alcohol.1  An  oil  examined  by  Jahnsa 
in  1882  and  distilled  from  the  dry  herb  had  a  sp.  gr.  0.898;  oD  =— 0.62°; 
phenol  content  30  p.  c. 

Composition.  According  to  Jahns,  this  oil  contains  carvacrol,  also 
traces  of  a  second  unknown  phenol  which  gives  a  blue  color  reaction 
with  iron  salts. 

Of  the  hydrocarbon  fractions,  about  one-third  consists  of  eymene 
(b.  p.  173 — 175°;  eymene  sulphonate  of  barium).  The  other  two-thirds 
(b.  p.  178—180° ;  sp.  gr.  0.855 ;  aD  =  —  0.2°)  consist  of  a  terpene  or 
terpenes  as  shown  by  analysis. 

363.    Oil  of  Satureja.  Montana. 

The  oil  of  S.  moutana  L.  has  much  the  same  properties  as  that  of 
S.  hortensis.    The  two  oils  cannot  be  distinguished  by  their  odor. 

Fresh,  cultivated  herb1  yielded  upon  distillation  0.18  p.  c.  of  oil. 
Sp.  gr.  0.939;  «d=—  2° 35';  soluble  to  a  clear  solution  in  4.5  parts  of 
70  p.  c.  alcohol,  and  in  1.5  parts  of  80  p.  c.  alcohol;  phenol  content 
65  p.  c. 

i)  Ilericht  von  S.  *  Co..  Oct.  1897,  p.  65.         »1  BerichM.  15.  p.  816. 
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An  oil  examined  by  Haller1  in  1882  had  been  distilled  from  wild 
herb  growing  on  the  Maritime  Alps  in  the  neighborhood  of  Grasse. 
Sp.  gr.  0.9394*  at  17°;  aD  =— 3°25'.  He  found  35—40  p.  c.  carvacrol 
and  a  small  amount  of  phenol  boiling  above  235°.  The  hydrocarbons 
boiled  between  172—175°  and  180—185°  and  appeared  to  be  terpenes. 

364.    Oil  from  Satureja  Thymbra. 

Suturoju  thymbra  L.  was  dedicated  to  Priapos  by  the  ancient  Greeks. 
In  Spain  it  is  used  commonly  as  a  spice  and  has  the  reputation  of  being 
a  stimulant  and  disinfectant.  Tbese  properties  are  said  to  be  due  to 
its  volatile  oil.  Such  an  oil  was  obtained  from  Spain  by  Schimmel  &  Co.* 
and  examined  by  them.  It  had  a  sp.  gr.  0.905.  The  oil  remaining  after 
the  removal  of  the  thymol  (abt.  19  p.  c.)  was  fractionated.  A  fraction 
boiling  abt.  160°  contained  pinene  (nitrolbensylamine  base,  m.  p.  121°); 
fraction  175°  contained  cymene;  the  following  fraction  contained  traces 
of  dipentene.  The  fraction  above  200°  yielded  after  saponification 
borneol  and  acetic  acid  which  are  contained  in  the  oil  as  bornyl  acetate. 
In  composition,  the  oil  is  therefore  closely  related  to  oil  of  thyme. 

365.    Oil  of  Origanum  Yulgare. 

Origanum  vulgare  L.  is  one  of  the  spice  plants  of  antiquity.  The 
hyssop  of  Luther's  translation  does  not  refer  to  a  Hyasoptis  but  to 
Origanum.  The  volatile  oil  was  used  during  the  latter  part  of  the 
middle  ages  and  is  mentioned  in  the  German  ordinances  of  the  sixteenth 
century.  The  yield  from  the  dry  herb  is  0.15 — 0.4  p.  c.  The  oil  possesses 
a  strong  aromatic  odor  and  a  spicy,  bitter  taste;4  sp.  gr.  0.870 — 0.910; 
„D  =— a4.4°.o 

According  to  Kanea  (1839)  the  oil  contains  a  stearoptene  about 
which  nothing  is  known.  The  bulk  of  the  oil  is  reported  by  him  to  boil  at 
161°.  Jahns8  in  1880  found  two  phenols  in  an  oil  distilled  from  the  fresh 
herb.  One  of  these  gave  a  green  coloration  with  ferric  chloride,  and  is 
possibly  identical  with  carvacrol;  the  other  gave  a  violet  color.  The 
oil  contained  not  more  than  about  0.1  p.  c.  of  combined  phenols. 

The  French  oils  of  commerce  are  mostly  mixtures  of  a  pennyroyal- 
like  odor  which  possibly  contain  not  a  trace  of  the  genuine  oil. 

i)  Compt.  rend.,  9*,  p.  18a.  ■)  Archlv  d.  Phnrin.,  210,  p.  27T. 

•)  0.7894  la  evidently  a.  printers' error.  ■)  LkMfs    Annalen.     82.     p.    2X4: 

>)  Bericht  von  9.  &  Co.,  Oct.  1S89.  p.  03.  Journ.  I.  prakt.  Chemie,  IS.  p.  13T. 
*)   Bericht  tod  S.  &  Co..  Apr.  1891,  p.  *9. 
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366.    Oil  of  Sweet  Ma.rjora.tu. 
Olenm  Mttrjoranae,  -  Majoranol.  <  -Essence  do  Marjolalne. 

Origin.  The  fresh,  flowering  herb  of  Origanum  ma.jorn.nu  L.  yields 
upon  distillation  0.3—0.4  p.  c,  the  dry  herb  0.7—0.9  p.  c.  of  oil.  The 
oil  of  commerce  is  mostly  obtained  from  Spain. 

Properties.  Oil  of  sweet  marjoram  is  a  yellow  or  greenish-yellow 
liquid  of  a  pleasant  odor  reminding  of  the  herb  and  of  cardamom.  The 
taste  is  spicy  but  mild.  Sp.  gr.  0.89—0.91;  aD=  +  5  to  +18°.  The 
saponification  number  of  a  single  oil  was  21.5.  As  a  rale  the  oil 
produces  a  clear  solution  with  2  vol.  of  80  p.  c.  alcohol. 

Composition.  Oil  of  sweet  marjoram  has  been  repeatedly  examined. 
The  stearoptene  described  and  analyzed  by  Mulder1  in  1839  possibly 
was  terpin  hydrate  or  pinol  hydrate. 

According  to  Bruy)antsa  (1879)  the  oil  contains  5  p.  c.  of  a  dextro- 
gyrate hydrocarbon  CioHia,  and  85  p.  c.  of  a  dextrogyrate  mixture  of 
borneol  and  camphor.     This  statement  has  not  been  confirmed.. 

Beilstein  and  Wiegand8  in  1882  isolated  a  terpen  e  boiling  at  178°, 
sp.  gr.  0.846  at  18. 5°,  which  absorbed  one  molecule  of  hydrogen  chloride, 
without  yielding  a  crystalline  compound.  Fraction  200 — 220°  was 
analyzed  and  regarded  as  a  sesquiterpene  hydrate,  CieB^HsO.  The  low 
boiling  point,  however,  renders  this  conclusion  very  improbable. 

According  to  a  recent  investigation  by  Bilts*  (1898),  the  oil  con- 
tains 40  p.  c.  of  terpenee,  principally  terpinene  (nitrosite  m.  p.  155—156°); 
also  d-terpineol  which,  however,  could  not  be  obtained  crystalline. 
Fractions  215—218°  (sp.  gr.  0.930)  had  the  composition  CioHisO. 
Oxidized,  with  permanganate  it  yielded  trioxy  hexahydro  cymene 
CioHaoOs  (m.  p.  129— 130°). °  Further  oxidation  with  chromic  and 
sulphuric  acids  yielded  the  keto  lactone,  CioHiaOs  (m.  p.  61°),  obtained 
by  Wallach  from  terpinepl.  Fraction  215—218°  must,  therefore,  be  pro- 
nounced as  terpineol.  The  alcohol  is  present  principally  in  the  free  state 
and  only  small  portions  are  present  in  the  form  of  ester.  The  nature 
of  the  substance  that  produces  the  peculiar  marjoram  odor  is  still 
unknown. 


i)  Llebla"»  Ajnalen,  81,  p.  6fl.-Jt.uni.  I.  prnkt.  Cbeia..  IT,  p.  108. 
•>  Journ.  de  Pharm.  et  Cbim.,  IV,  80,  p.  138;   Jabreab.  I.  Pborm.,  1879;   p.  160.— 
(Them.  Ccntr&lbl.,  1879,  p.  616. 


*)  Uober  daa  atherische  Oel  von  Orlgannni  majornna.  In  align  r.-Dloaertat.,  llrellB- 
wald.   18SB;  Berfehte.  83,  p.  99B. 

■)  Th«  lubatance  obtained  by  Wallach  In  1898  from  inactive  terploml  molted  at 
121—133°  (Llebls'B  Annalon,  275,  p.  153). 
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367.  Oil  of  Cretia.ii  Origanum. 
Oleum  Orlguil  Cretlct.  —  Spantsch  Hopfenfli.  -  Essence  d'HonblMi  d'Espngnc 
The  carvacrol-contaiuing  oils  of  several  species  of  Origanum  growing 
in  Mediterranean  countries  are  known  in  the  German  market  as 
Spaniacb  HopfenSl  and  Kretisch  DostenSl.  At  present  there  are  two 
varieties  in  the  market  which  differ  in  properties  and  composition,  the 
Triest  oil  and  the  Smyrna  oil.  The  former  is  dark  in  color,  has  a  high 
specific  gravity  and  a  corresponding  high  carvacrol  content.  The  latter 
is  lighter  in  color,  has  a  milder  odor  and  a  lesser  carvacrol  content  in 
correspondence  with  its  lower  specific  gravity. 

1.    Triest  Origanum  Oil. 

Origin.  Theoil  enters  the  market  from  Triest.  It  is  uncertain  whether 
the  oil  is  distilled  at  that  place  or  in  the  Mediterranean  islands  which 
supply  the  herb.  The  oil  corresponds  in  all  its  properties  with  that 
distilled  in  Germany  from  the  dry  herb  of  Origanum  hirtum  Lk.  It  is 
probable,  therefore,  that  this  is  the  species  yielding  the  Triest  oil.  The 
yield  from  the  dry  herb  is  2—3  p.  c. 

Properties.  The  oil  possesses  a  strong,  thyme-like  odor  and  a 
pungent,  persistent  taste.  Freshly  distilled  it  is  of  a  golden-yellow 
color,  which  upon  exposure  to  air  is  changed  to  dark  brown  to  greyish- 
black.  The  darkening  begins  at  the  surface  and  gradually  proceeds 
downward.  Sp.  gr.  0.94—0.98.  On  account  of  the  dark  color,  the 
angle  of  rotation  in  most  instances  cannot  be  observed.  In  a  few 
instances,  when  observation  was  possible,  the  oil  was  found  inactive  or 
a  slight  laevo rotation,  less  than  1°,  was  observed.  With  3  p.  of  70  p.  c. 
alcohol  the  oil  forme  a  clear  solution.  The  carvacrol  content  varies 
from  60—85  p.  c. 

Composition.  The  Triest  oil  was  examined  by  Jahns  *  in  1879.  He 
showed  the  presence  of  carvacrol  which  previously  had  been  prepared 
artificially  but  had  not  been  found  in  an  oil.  Properties  and  derivatives 
of  carvacrol  are  described  on  p.  177. 

If  the  oil  is  treated  with  dilute  soda  solution  and  the  solution  of 
the  phenylate  shaken  with  ether,  all  of  the  carvacrol  can  be  removed. 
If  the  alkaline  solution  which  no  longer  yields  anything  to  the  ether 
is  acidulated,  a  small  amount— about  0.2  p.  c  — of  a  second  pheuol  is 
obtained  which  produces  a  violet  color  with  ferric  chloride. 

The  non-phenol  portions  of  the  oil,  after  several  rectifications  over 
sodium,   boiled  principally  between   172—176°  and  consist  principally 

i)  ArcMv  a.  Phsrm,,  215,  p.  1. 
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of  cymene  as  shown  by  the  formation  of  cymene  sulphonic  acid.  The- 
fact  that  the  fraction  when  shaken  with  sulphuric  acid  developed  the 
odor  of  sulphur  dioxide  and  became  strongly  heated  indicates  that  in 
addition  to  cymene  other  substances,  presumably  tarpenea,  are  present. 

2.    Smyrna  Origanum  Oil. 

Origin.  The  oil  is  distilled  in  Asia  Minor1  from  Origanum  smyrnaeum 
L.  and  enters  the  world's  market  from  Smyrna. 

Properties.  The  oil  is  of  a  golden-yellow  color  and  of  a  mild  odor 
reminding  somewhat  of  linaloe  oil  or  linalool.  Sp.  gr.  0.915—0.945; 
od  =  —  8  to  —13°.  It  forms  a  clear  solution  with  3  parts  of  70  p.  c. 
alcohol  and  has  a  carvacrol  content  of  from  25—60  p.  c. 

Composition.  According  to  Gildemeister  a  (1895)  the  Smyrna  oil 
differs  from  the  Triest  oil  principally  as  to  the  linalool  which  the- 
former  contains  in  appreciable  amount.  As  a  result  it  contains  less- 
phenol  than  the  Triest  oil.  Besides  much  carvacrol  (phenyl  iaocyanate, 
m.  p.  140°),  but  very  little  of  the  phenol  which  gives  a  violet  reaction 
with  ferric  chloride  is  present.  Fraction  155 — 163°  (<*d  =  —8°  28')  has 
a  remarkably  low  sp.  gr.,  viz.,  0.826  at  15°.  thus  leading  to  the  sup- 
position that  so-called  oleflnic  terpenes  may  be  present. 

Fraction  175°  contains  cymene  (oxypropyl  benzoic  acid,  m.  p.  156— 
158°;  and  isopropyl  benzoic  acid,  m.  p.  257—262°);  fraction  198—199°, 
having  a  sp.  gr.  of  0.870  and  «d  =  — 15°  56',  possessed  all  of  the 
properties  of  1-linalool.  The  presence  of  this  alcohol  was  proven  by 
oxidizing  it  to  citral  and  identifying  this  aldehyde  by  converting  it  into 
citryl-jS-naphtho  cinchoninic  acid,  m.  p.  108—199°. 

Examination.  The  solubility  of  the  oil  in  70  p.  e.  alcohol  should 
be  tested,  by  means  of  which  the  addition  of  turpentine  oil  and  other 
cheap  oils  can  be  detected.  Of  importance  is  the  determination  of  the 
carvacrol  content  as  described  under  oil  of  thyme.  Oils  rich  in  carvacrol 
command  a  higher  price  than  those  poor  in  phenol. 

368.    Oil  of  Thyme. 

Oleum  Thjuil.  —  TnjmUnol.  —  Essence  de  Thyin. 
History.    The  labiate  Thymus  vulgaris  L.,  which  is  indigenous  to 
the  countries   bordering  on   the   Mediterranean,   is   now   cultivated   in 
most  countries  with  a  temperate  climate.    During  the  middle  ages  the 

l)  This  is  porialb]  v  tbe  aame  oil  which  Is  prepared  In  Konla  In  Anatolia  In  primitive 
apparatus  and  sold  In  small  Dunk*  In  tbe  ItHeta  ol  Comjtantluople  a»  a  rented;  against 
rheu  matin  m.    Com  p.  Bcrlcht  von  S.  &  Co..  Apr.  IBM,  p.  44. 

*)  Arehfr:  d.  Pnann..  2fl,  p.  182. 
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distinction  between  T.  vulgaris  and  T.  serpyUunt  does  not  appear  to 
have  always  been  made.  Though  thyme  has  always  been  a  rather 
unimportant  remedy,  it  and  the  oil  of  thyme  have  been  officinal  since 
the  sixteenth  century  in  most  medicinal  treatises  and  in  drug  and  spice 
ordinances.  The  oil  is  enumerated  in  the  Dispensa  tori  urn  Noricum  of 
1589.  Thyrae-camphor  was  first  observed  by  Neumann  in  1719,  and 
by  Cartheuser  in  1751.  It  was  examined  and  named  thymol  by  Lalle- 
mand  in  1853. 1 

Origin.  Oil  of  thyme  is  distilled  principally  from  the  fresh,  flowering 
herb  of  Thymus  vulgaris  L.  which  grows  abundantly  in  the  wild  state 
iu  the  mountains  of  southern  France.  The  small  knotty  and  woody 
stems  of  the  thyme  are  found  in  clearings  and  in  the  shadeless  coast 
districts  of  the  Riviera,  also  in  the  monntainous  regions  of  the  Maritime 
Alps  up  to  an  altitude  of  1,000  ra.  It  ie  not  definitely  known  what 
plant  yields  the  Spanish  oil  of  thyme.  Inasmuch  as  it  resembles  the 
Cretian  origanum  oil  in  properties  and  composition,  it  is  not  improbable 
that  it  is  derived  from  a  species  of  origanum.  The  yield  is  known  for 
the  oil  obtained  from  the  cultivated  herb  from  which  the  commercial 
oil,  as  a  rule,  is  not  obtained.  Fresh  German  herb  yields  0.3 — 0.4  p.  c, 
dry  German  herb  1.7  p.  c.  of  oil;  fresh  French  thyme,  cultivated  in 
Germany,  yielded  0.9  p.  c,  dry  French  herb  2.5—2.6  p.  c,  of  oil. 

Pkopehttrs.  Both  French  and  German  oil  of  thyme  are  of  a  dirty, 
dark  reddish-brown  color,  of  a  pleasant,  strong  thyme  odor  and  a 
biting,  persistent  taste.  The  sp.  gr.  of  a  pure  oil  is  always  above 
0.900,  good  French  oils  having  a  sp.  gr.  of  0.905—0.915.  Schimmel  & 
Co.  observed  the  sp.  gr.  0.909—0.935  on  their  own  distillates.  The 
optica]  rotation  is  faintly  laevogyrate,  but  in  most  instances  cannot  be 
observed  on  account  of  the  dark  color  of  the  oil.  It  is  soluble  in  %  part 
of  90  p.  c,  and  in  1—2  parts  of  80  p.  c.  alcohol;  of  70  p.  c.  alcohol 
15 — 30  parts  are  mostly  requisite  to  form  a  clear  solution.  The  phenol 
content  of  normal  oils  varies,  as  a  rule,  between  20—25  p.  c.  and  in 
rare  instances  rises  to  42  p.  c.  The  phenol  of  the  French  and  German 
oils  is  mostly  thymol,  sometimes,  however,  carvacrol  or  a  mixture 
of  both. 

Oil  of  thyme  rectified  in  the  ordinary  manner  readily  resumes  the 
dark  color  of  the  crude  oil.  In  order  to  obtain  a  light  yellow  colored 
oil  with  full  phenol  content  special  precautions  are  necessary  for  its 
rectification,     Many  consumers  lay  unnecessary  stress  on  the  light  color 

i)  Journal  da  Pbarra.  et  Cblm.,  Ill,  24,  p.  274;   Compt.  rend.,  87,  p.  4B8. 
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of  the  oil.  In  southern  France  such  a  "white  oil  of  thyme"  is  produced 
by  distilling  the  crude  oil  with  several  times  its  volume  of  turpentine 
oil.  Such  an  oil  frequently  contains  less  than  five  per  cent,  from  1—2 
p.  c,  of  thymol.  This  explains  why  rectified  oil  of  thyme  is  frequently 
quoted  for  less  than  the  crude  oil. 

Spanish  oil  of  thyme  is  quite  different  from  the  French  and  German. 
Its  color  is  often  dark  green,  sp.  gr.  0.93 — 0.95 ;  phenol  content 
50—70  p.  c.  (carvacrol  but  no  thymol).  It  is  also  more  soluble  than 
either  the  French  or  German  oils,  rendering  a  clear  solution  with 
2—3  parts  of  70  p.  c.  alcohol.  These  great  differences  render  it  very 
probable  that  the  Spanish  oil  is  obtained  from  a  different  plant. 

Composition.  As  the  amount  of  cinnamic  aldehyde  determines  the 
value  of  cassia  oil,  engenol  that  of  oil  of  cloves  and  tinalyl  acetate  that 
of  bergamot,  so  the  amount  of  thymol  (or  carvacrol)  is  indicative  of 
the  value  of  oil  of  thyme.  Although  thymol  was  observed  as  early  as 
1719  and  therefore  belongs  to  those  compounds  from  volatile  oils 
longest  known,  its  composition  was  first  correctly  determined  by  Latle- 
mand1  in  1853.  By  analysis  he  determined  the  formula  CioHuO,  which 
took  the  place  of  the  formula  CioHmO,  found  by  Doveri2  a  few  years 
earlier. 

Occasionally  thymol  crystallizes  from  old  oils  in  the  cold;  it  can 
be  removed  completely  only  by  shaking  with  lye.  It  melts  at  50 — 51° 
and  boils  at  232°.  Its  properties  and  characteristic  derivatives  are 
mentioned  on  p.  178. 

Of  other  constituents  Lalleraand  found  cymene,  CioHm,  b.  p.  175°; 
and  thymene,  CioHis,  b.  p.  160—165°  and  laevogyrate.  Inasmuch  as 
Sehimmel  &  Co.8  have  shown  the  identity  of  this  hydrocarbon  with 
1-pinene,  the  name  thymene  should  be  dropped.  1-Pinene  occurs  in  the 
oil  in  such  small  quantities  only,  that  its  presence  cannot  be  determined 
without  the  use  of  large  quantities  of  oil. 

Labbe1*  in  1898  did  not  succeed  in  obtaining  a  solid  hydrochloride 
from  fraction  155—158°.  With  amyl  nitrite  and  hydrochloric  acid  he 
obtained  a  nitrosochloride  melting  at  106.5°.  Inasmuch  as  the  melting 
point  of  pinene  nitrosochloride  is  given  as  103°,  he  concludes  that 
pinene  is  not  contained  in  oil  of  thyme,  whereas  the  preparation  of  the 
benzyl  ami  ne  base  would  have  removed  all  doubt.    In  fraction  165—169° 

i)  Compt.  rend.,  87.  p.  49fi;  Llebtn'a  Annalen,  101,  p.  119;  Ann.  de  Chlm.  et  Phye., 
Ill,  49,  p.  148;    Uetiljfs  Annalen.  102,  p,  119. 

■)  Ann.  de  Chlm.  et  Ftays.,  III.  20.  p.  174;  I.lebls'e  Annalen.  64,  p.  874. 
■)  Bericht  »on  S.  ft  Co.,  Oct.  1894,  p.  57. 
.    4)  Bull.  Soc.  chlm..  Ill,  19,  p.  1009. 
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Labbe"  claims  to  have  found  menthene.  He  obtained  a  nitrosochloride, 
m.  p.  113—113.5°,  and  upon  oxidation  with  permanganate  cymene.  It 
is  known,  however,  that  the  melting  points  of  the  nitrosochlorides  can- 
not be  safely  used  for  the  identification.  The  supposed  oxidation  to 
cymene  is  also  inconclusive,  for  cymene  is  already  present  in  the  oil  and 
may  have  been  contained  in  the  fraction. 

Of  the  more  difficultly  volatile'  fractions,  the  one  boiling  between 
105— 230° *  had  a  decided  odor  of  borneol  and  liualool.  Inasmuch  as 
their  boiling  points  lie  so  close,  their  separation  could  not  be  effected 
by  fractional  distillation,  but  was  accomplished  by  oxidizing  the  fraction 
with  chromic  acid  and  distilling  the  products  of  oxidation  in  a  vacuum. 
A  part  of  the  distillate  solidified  and  was  proven  to  be  camphor  by 
means  of  its  oxime  melting  at  117—118°.  The  liquid  portion  yielded 
with  sodium  acid  sulphite  a  crystalline  derivative  from  which  citral 
'  could  be  regenerated  (eitry]-£-naphtho  cinchouinic  acid,  m.  p.  197°). 
The  formation  of  camphor  indicates  the  presence  of  borneol  in  the  oil, 
that  of  citral  the  presence  of  linalool.  The  presence  of  the  latter  was 
further  demonstrated  by  Labbi18  by  converting  it  into  geraniol  (m.  p.  of 
geranyl  phthallate  of  silver  133°).  Upon  oxidation  of  the  borneol 
fraction  Labb6  likewise  obtained  camphor. 

Thymol  is  not  the  only  phenol  in  oil  of  thyme.  At  times  thymol  is 
partly,  at  times  wholly  replaced  by  its  isomer  carvacrol  (see  properties 
on  p.  177),  What  conditions  favor  the  one  or  the  other  phenol  is  not 
known.  Schtmmel  &  Co.  have  made  the  following  observations:  French, 
dried  thyme  yielded  an  oil  that  contained  much  thymol,  but  little 
carvacrol;  French  thyme,  cultivated  in  Germany  an  oil  the  phenol  of 
which  consisted  exclusively  of  carvacrol:  both  fresh  and  dried  German 
thyme  yielded  an  oil  containing  only  thymol.  In  the  Spanish  oil  carva- 
crol only  is  found,  and  this  oil  has  a  ranch  larger  phenol  content  than 
the  other  oils. 

That  oil  of  thyme  probably  contains  a  third  phenol  is  indicated  by 
the  fact  that  the  oil  produces  a  greenish-black  color  with  ferric  chloride. 

Examination.  The  adulteration  of  oil  of  thyme  is  most  commonly 
accomplished  witii  turpentine  oil.  In  the  preparation  of  "white  oil  of 
thyme,"  such  an  adulteration  has  become  an  established  custom  in 
southern  France.  The  addition  of  oil  of  turpentine  reduces  the  specific 
gravity  below  0.900  and  diminishes  the  solubility  in  alcohol.  A  reduction 
of  the  phenol  content  also  results  from  the  addition  of  turpentine  oil 


I  Berkht  von  S.  &  Co.,  Oct.  IS94,  p.  ST.        »)  Bull.  Sot.  cbtm..  III.  IB.  p.  1 
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thus  rendering  a  phenol  assay  of  the  greatest  importance.  A  simple 
method,  which  is  sufficiently  accurate  for  most  practical  purposes,  is 
applied  in  the  following  manner: 

A  burette  of  60  cc.  capacity  calibrated  into  tenths  is  almost  completely 
filled  with  5  p.  c.  caustic  soda  solution.  10  cc.  ot  the  oil  to  be  examined  are 
then  added,  the  burette  stoppered  with  a  well  fitting  cork,  well  shaken  and  set 
aside  for  12—24  hours.  Drops  of  oil  adhering  to  the  side  of  the  burette  are 
loosened  by  tapping  auli  rotating  the  burette.  After  the  alkaline  solution 
has  become  clear  the  amount  of  non-phenol  oil  is  read  off. 

In  order  to  determine  at  the  same  time  whether  the  oil  contains  thymol  or 
carvacrol.  the  alkaline  solution  of  phenylate  is  separated  from  the  oil,  trans- 
ferred to  a  separating  funnel  and  acidulated  with  sulphuric  acid.  After  the 
phenol  has  completely  separated,  the  aqueous  solution  is  run  off  and  the  oil  set 
aside  in  a  capsule  in  a  cool  place.  If  the  oil  consists  of  thymol  it  solidifies 
upon  standing,  or  crystallization  may  be  induced  by  adding  a  fragment  of  a 
thymol  crystal,  ff  it  consist*  of  carvacrol,  the  oil  remains  liquid.  If  both 
phenols  are  present  it  crystallites  partially. 

This  method  yields  approximate  results  only.  On  the  one  hand  the 
alkaline  solution  of  phenols  dissolves  some  of  the  hydrocarbons,  on  the 
other  hand  a  part  of  the  phenol  remains  dissolved  in  the  oil.  Both 
errors  probably  compensate  each  other.  To  remove  the  hydrocarbons 
dissolved  in  the  alkali  by  shaking  with  ether,  would  simply  increase  the 
error  inasmuch  as  thymol  and  still  more  carvacrol  can  be  partly 
extracted  from  their  alkaline  solutions  by  ether. 

More  rational,  though  more  complicated,  is  the  assay  method 
devised  by  Kremers  and  tSchreiner.1  It  is  a  modification  of  the  method 
suggested  by  Messinger  and  Vortmanu,*  and  is  based  upon  the  fact 
that  in  alkaline  solution  thymol  combines  with  iodine  to  a  red  insoluble 
compound  and  that  the  excess  of  iodine  can  be  titrated  back  by  standard 
thiosulphate  after  the  solution  had  been  acidified.  Each  molecule  of 
thymol  requires  four  atoms  of  iodine  for  precipitation.  The  process 
is  carried  out  in  the  following  manner: 

5  cc.  of  the  oil  to  be  examined  are  weighed  and  transferred  to  a  burette 
provided  with  a  glass  stopper  and  calibrated  into  tenths.  The  oil  is  diluted 
with  about  an  equal  volume  of  petroleum  ether.  5  p.  c.  soda  solution  is  added 
and  the  two  solutions  Bhalten.  After  the  two  solutions  have  separated  upon 
standing,  the  aqueous  solution  is  drawn  off  into  a  100  cc,  flask.  This  operation 
is  repeated  as  long  as  the  ethereal  solution  diminishes  in  volume.  The  alkaline 
phenol  solution  is  diluted  to  100  cc.  or  if  necessary  to  200  cc. 

10  cc.  of  this  solution  are  transferred  to  a  measuring  flask  of  500  cc. 
capacity  and  N/10  iodine  solution  added  in  slight  excess  whereby  the  thymol 
is  precipitated  as  a  dark   browu  iodine  compound.     In  order  to  ascertain 

i)  Pbaro.  Review,  14,  p.  331.  »)  Berlchte.  28,  p.  H75B. 
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whether  sufficient  iodine  has  been  added,  a  few  drops  are  transferred  to  a  test 
tube  and  acidulated  with  hydrochloric  acid.  An  excess  of  iodine  is  indicated  bj 
a  brown  color  of  the  solution,  aii  insufficient  amount  of  iodine  by  milkiness 
produced  by  thymol.  An  excess  of  iodine  having  been  established,  the  entire 
alkaline  solution  is  acidulated  and  diluted  to  500  cc.  In  100  cc.  of  the  filtrate 
the  excess  of  iodine  is  ascertained  by  titration  with  N/10  hyposulphite  solution. 

The  number  of  cc.  of  hyposulphite  solution  are  deducted  from  the  volume 
of  iodine  used  and  the  resultant  multiplied  by  Ave,  this  product  indicating  the 
total  amount  of  iodine  used  by  the  thymol. 

Each  cc.  ol  N/10  iodine  solution  corresponds  to  0.003741  g.  of  thymol.  Prom 
the  amount  of  thymol  found  in  the  alkaline  solution  the  percentage  of  phenol 
in  the  original  oil  can  readily  be  ascertained. 

The  reaction  involved  is  expressed  by  the  following  equation: 
CidHi*0  +  41+ 2NaOH  =  Ci0HiaIs0  +  2NaI  +  2H2O. 

The  carvacrol  assay  should  be  slightly  modified,  because  the  carvacrol 
iodide  separates  in  a  milky  state.  In  order  to  obtain  a  precipitate  the 
mixture  is  thoroughly  shaken  after  the  addition  of  iodine  and  then 
filtered.  Then  the  solution  is  acidulated  with  hydrochloric  acid  and  the 
process  continned  as  directed  under  thymol.    The  calculation  is  the  same. 

369.    Oil  of  Wild  Thyme. 
Oleum  SerpjUI.  —  Qiiendelul.  —  Essence  de  Scrpolet, 

Origin.  Wild  thyme,  Tbymua  serpyllum  L.  (Ger.  Qnendel,  Feld- 
thymian,  Feldkiimmel)  is  indigenous  to  Europe,  North  America,  central 
and  northern  Asia  and  Abyssinia,  and  yields  upon  distillation  but  little 
oil.  The  yield  from  the  dry  herb  is  0.15  to  0.6  p.  c,  that  from  the 
fresh  herb  less. 

Properties.  Oil  of  wild  thyme  is  a  colorless  or  golden  yellow 
colored  liquid  of  a  pleasant  odor,  somewhat  balm-like,  also  reminding 
faintly  of  thyme.    Sp.  gr.  0.890—0.920;  «d  =  —10  to  21°. 

As  Eseencn  de  serpolet  mixtures  of  origanum  oil,  pennyroyal  oil 
and  oil  of  thyme  are  frequently  sold  in  southern  France  which  naturally 
possess  quite  different  properties  from  those  of  the  genuine  oil  of 
wild  thyme. 

Composition.  The  bulk  of  the  oil  distills  between  175—180°  and, 
according  to  Febve1  (1881),  consists  of  cyraene,  CioHi4,  with  traces  of  a 
dextrogyrate  hydrocarbon  CioHis.  With  alkalies  about  1  p.  c.  of  phenol 
can  be  removed.  This  phenol,  however,  is  not  a  definite  chemical  body, 
but  according  to  Jahns3  consists  of  a  mixture  of  carvacrol,  thymol  and 

>)  Archly  li.   ['harm,  316.  p.  377;    Berichte,  IB,  p.  619. 
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a  phenol  which  in  alcoholic  solution  produces  a  violet  color  with  ferric 
chloride.1  The  higher  boiling  fractions  (200—250°)  presumably  also 
contain  sesquiterpenes. 

An  oil  examined  by  Gladstone "  in  1864,  which  had  a  sp.  gr.  of  0.884 
and  id  =  —  31.6°,  consisted  almost  exclusively  of  a  hydrocarbon 
resembling  turpentine  oil.  The  explanation  is  not  difficult,  for  specific 
gravity  and  angle  of  rotation  indicate  a  very  liberal  adulteration  with 
French  oil  of  turpentine. 

370.  Oil  of  Thymni  Capitatus. 
An  oil,  distilled  from  the  fresh  herb  of  Thymus  capitatus  Lk.  in  the 
province  of  Granada  in  southern  Spain,  was  examined  by  Schimmel 
&  Co.8  Its  odor  was  strongly  thyme-like,  reminding  somewhat  of 
origanum.  In  its  composition  it  closely  resembles  the  oil  of  Satuivja 
thymbra.  Sp.  gr.  0.901  at  15°;  thymol  content  is  small,  about  6  p.  c. 
A  liquid  phenol  is  also  present,  the  boiling  point  of  which  lies  close  to 
that  of  thymol  (carvacrol?).  Pinene,  cymene,  dipentene  and  bornyl 
acetate  are  also  present. 

371.    Oil  of  Bugle  Weed. 

The  dried  herb  of  the  American  bugle  weed,  Ljeopus  virginkua 
Michs.  yields  npon  distillation  0.075  p.  c.  of  an  oil  with  a  characteristic 
but  difficultly  definable  odor.    8p.  gr.  0.924  at  15°.* 

MENTHA.  OILS. 

History.  The  mints,  which  are  indigenous  to  temperate  climates 
and  some  of  which  are  cultivated,  yield  several  valuable  and  much  used 
oils :  viz.  oil  of  peppermint,  oil  of  spearmint,  German  and  American,  and 
oil  of  pennyroyal,  European  and  American. 

The  mints  have  the  peculiarity  of  readily  forming  varieties  by 
differences  in  cultivation,  soil  and  climate  conditions.  These  botanical 
variations  have  a  rather  decided  influence  on  the  volatile  oils.  The 
varieties  of  Mentha,  piperita  L.  also  of  M.  arrensia  D.  C.  var.  piperascens 
Holmes  yield  peppermint  oil,  M.  crispa  yields  the  Kmwemuwol  of  the 
Germans  and  M.  viridis  the  American  spearmint  oil. 

Although  several  mints  have  been  in  use  for  culinary  or  medicinal 
purposes  since  antiquity,  no  well  defined  distinction  is  made  even  in  the 

1)  Arehlv  d.  Pbarin.,  SIS,  p.  486. 

»>  .7 iimii.  Cham,  Soc  >  IT.  P-  1|  Jahreub.  1.  Chem..  1863.  pp.  548  and  549. 

•)  Bericbt  tod  S.  A  Co.,  Oct.  18B»,  p.  56. 

*)  Berleht  tod  S.  a  Co.,  Oct.  1S90,  pJ  49. 
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treatises  on  distillation  of  the  fifteenth  and  sixteenth  centuries  during 
which  period  they  were  extensively  used  for  the  preparation  of  distilled 
waters.  The  oils  enumerated  in  price  ordinances  and  older  medical 
treatises  are  also  of  uncertain  origin.  Thus  the  Berlin  ordinance  of 
1574  mentions  Oleum  menthae,  the  Frankfurt  ordinance  of.  1582 
mentions  Oleum  menth&e,  Oleum  polemii  and  Oleum  pulegii. 

372.    Oil  of  Peppermint. 

Oleum  Menthae  Plueritae.—PfefferiulniSl.  — Essence  de  Mentfac  Poivree. 

Origin.  As  peppermint,  Mentha  piperita,  are  designated  a  group 
of  botanically  unstable  species,  subspecies  and  varieties  of  mint  that 
produce  menthol  or  an  oil  possessing  the  properties  of  peppermint  oil. 
In  Europe  and  North  America  several  varieties  are  cultivated  for  the 
distillation  of  the  oil.  The  Japanese  peppermint  is  usually  not  regarded 
as  belonging  to  Mentha  piperita.  It  is  supposed  to  be  derived  from 
Mentha  arvensis  D.  C.  var.  piperascens  Holmes. 

Origin  and  Preparation.  Whether  or  not  peppermint  was  among 
the  mints  used  during  the  middle  ages  can  no  longer  be  determined. 
In  the  oldest  German  treatise  on  distillation  the  "Liber  de  arte 
distillandi"  of  Brunschwig  of  the  year  15(10,  the  following  mints  are 
mentioned  as  being  used  in  the  preparation  of  distilled  waters:  Mentha 
aquatica,  M.  rubra,  M.  baleamica,  M.  sareenica  and  M.  crisps.,  but  no 
distinguishing  characteristics  are  given.  Neither  is  it  definitely  known 
whether  the  kinds  of  mint  used  formerly  agree  with  those  now  in  use. 
As  far  as  known,  the  only  specimens  of  Mentha  piperita  which  are 
several  hundred  years  old,  are  found  in  the  herbarium  of  the  British 
Museum  in  London.  John  Bay,1  the  English  naturalist,  had  obtained 
them  from  the  county  of  Hertfordshire  of  southern  England  in  lfJIMi 
and  described  them  as  Mentha  palustris,  "peper  mint."  The  well  pre- 
served specimens  correspond  in  all  essential  characteristics  with  the 
peppermint  which  is  to-day  cultivated  in  Miteham.  county  of  Surrey. 
near  London  (Flueklger2).  The  cultivation  of  peppermint  in  Miteham 
seems  to  have  begun  about  the  middle  of  the  eighteenth  century  and 
was  of  some  importance  toward  the  end  of  the  century.  Dp  to  1805. 
however,  the  distillation  of  peppermint  oil  was  not  conducted  in 
Miteham  but  in  London  (Lysonw8). 

The  English  peppermint  industry  reached  its  height  about  IH.'iO. 
From  that  time  on  American  competition  caused  a  decided  set-back  in 

ivlrona  of  London.  1800.  p.  254. 
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the  production.1  On  the  continent,  peppermint  was  evidently  not 
cultivated  earlier  for  purposes  of  distillation  than  in  England.  Accord- 
ing to  the  Leyden  botanist  David  Gaubius,  it  was  cultivated  for  this 
purpose  near  Utrecht  in  1770.  He  also  mentions  the  menthol,  the 
camphors,  europaeu  mentbae  piperitidis.  Meanwhile  Linnaeus  had  named 
the  plant  Mentha,  piperita. 

About  the  same  time  peppermint  was  cultivated  in  Germauy.    Fol- 
lowing the  example  of  the  London  Pharmacopoeia,  in  which  peppermint 
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was  officinal  since  1721  as  Mentha,  piperitia  aapore  it  was  mentioned  in 
medical  and  botanical  treatises.  The  treatise  by  Knigge2  seems  to 
have  made  it  better  known  in  professional  circles. 

In  Japan,  however,  the  cultivation  of  peppermint  appears  to  anti- 
date  that  of  any  other  country.     It  is  reported  to  have  begun  before 
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the  Christian  era.  Even  menthol  is  supposed  to  have  been  known 
almost  as  long  and  to  have  been  used  medicinally.1  The  cultivated 
varieties  used  in  Japan  for  the  distillation  of  the  oil  can  no  longer  be 
traced  back  to  the  species  from  which  they  have  beeD  derived.  They 
differ  from  the  varieties  used  in  Europe  and  America  and  in  their 
general  characteristics  are  more  closely  related  to  the  European  Mentha 
arvensie  L.  and  the  American  M.  canadensis  var.  glabrata  Benth.,  than 
to  M.  piperita. 

A  Japanese  outfit  was  described  by  E.  Marx2  in  1896.  The  arrange- 
ment, however,  is  not  the  same  everywhere. 

It  consists  of  cast  iron  kettles  with  broad  rims  (A,  I,  H,  fig.  79),  of  wooden 
casks  [  li)  and  coolers  \C).  As  a  rule  three  ap  para  tan  are  so  arranged  that  they 
can  be  heated  by  a  common  Are.  The  kettles  A,  I,  II  are  first  filled  with 
water.  The  casks  ft  with  perforated  bottoms  are  placed  over  the  kettles,  filled 
with  dry  herb  and  luted  with  rims  o(  straw  and  soft  clay.  The  condensers  C 
are  then  placed  hi  position  and  the  fire  started  in  F.  The  vapors  saturated 
with  volatile  oil  condense  on  the  lower  surface  of  the  condensers  C  and  collect 
in  the  cups  K.  From  here  the  mixture  of  oil  and  water  passes  through  the 
bamboo  tube  L  into  the  receiver  O.  The  separated  water  flows  through  P 
back  into  the  kettles  A,  I,  H  and  replaces  in  part  the  evaporated  water.  As 
soon  as  the  water  in  C  becomes  hot  it  is  removed  by  a  bamboo  syphon  0, 
Sometimes  the  rims  of  the  kettles  are  overheated  so  as  to  cause  a  charring  of 
the  straw  rims.  This  imparts  an  etnpyreumatic  odor  to  the  oil  which  is 
frequently  observable  in  the  Japanese  oil. 

Another  description  of  the  Japanese  distillation  of  peppermint  with 
illustrations  is  given  by  T.  Asahiva8  which,  however,  agrees  in  the  main 
with  the  above. 

The  distillation  of  peppermint  oil  on  a  commercial  scale  had  its 
origin  in  Wayne  Co.,  New  York,  in  1816.  It  was  here  conducted  on  a 
small  scale  by  individuals  and  later  also  in  neighboring  counties.  In 
1835  the  cultivation  of  peppermint  was  begun  in  Michigan  in  St.  Josephs 
Co.  and  was  extended  to  Ohio  and  northern  Indiana.4 

For  a  long  time  the  distillation  was  conducted  in  copper  stills  with 
direct  heat.  In  1846  several  of  the  larger  planters  and  distillers  intro- 
duced steam  distillation  with  large  wooden  stills,  experience  having 
shown  that  the  conditions  were  favorable  for  this  peppermint  oil  in- 
dustry. With  the  older  stills  but  15  lbs.  of  oil  could  mostly  be  obtained 
'rom  a  charge.  Steam  distillation  from  wooden  stills  allows  of  the  distil- 
i  of  75  to  100  lbs.  of  oil  per  charge  without  great  increase  ol  cost. 

PharmacofrDnitle,  1891,  p.  736. 

Mlttbell.  d.  d.  Onvll.  TOr  .N'avur-  anil  VSIkerkunde  OstasleDB,  0,  p.  853. 

Journ.  d.  Pharm.  f.  Elaaao-Lothriiigen,  28,  p.  S14. 

Proc.  Am.  Pharm.  Aanoc.,  84.  p.  121. 
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Wherever  modern  distilling  apparatus  are  not  need,  two  or  three  vats  are 
used  in  connection  with  each  boiler.  The  plants  are  packed  on  a  perforated 
bottom  which  is  lowered  by  means  of  chains  to  within  a  short  'distance  of  the 
true  bottom.  For  purposes  of  discharging  the  false  bottom  merely  hae  to  be 
raised.  The  vat  is  filled  by  two  men,  one  throwing  in  the  dry  mint  while  the 
other  stumps  it  down.  By  admitting  some  steam  from  time  to  time,  the  herb 
is  moistened  somewhat  and  in  better  condition  to  be  firmly  packed.  After  the 
vat  ia  closed  steam  is  admitted  from  below  until  the  herb  is  exhausted. 

The  renewal  of  the  peppermint  plantation  ia  accomplished  in  spring 
by  means  of  roots  and  sprouts  of  the  previous,  year's  plants.  The 
largest  yield  of  oil  is  obtained  from  the  plants  cut  in  September. 
Formerly  it  was  supposed  that  a  larger  yield  of  oil  was  obtained  by 
distilling  the  fresh  plant.  Experience,  however,  has  taught  that  it  is 
better  to  let  the  herb  dry  for  a  short  period.1 

Formerly  several  labiates  and  composites  growing  with  peppermint 
were  distilled  indiscriminately  with  the  latter  and  produced  a  poorer 
quality  of  oil.3  The  more  important  of  these  plants  were  Erigeron 
canadensis  L.,  Erechthiteg  bieracifolia  Raf.,  Hedeoma  pulegioidee  L. 
and  Ambrosia,  species  (ragweed).  By  more  careful  cultivation  and 
selection  these  have  been  largely  removed. 

Aside  from  the  early  cultivation  in  Japan,  the  first  observations  of 
the  crystallization  of  menthol  from  the  oil  (peppermint  camphor)  were 
made  about  1770  by  Craubius,8  by  Glendenberg  about  1784,*  and  by 
Trommsdorff  in  1795. B  The  first  examinations  of  peppermint  oil  and 
menthol  were  made  by  Dumas*  in  1832,  Blanchet  &  Sell11  in  1836, 
by  Walter^  jn  1839  and  by  Oppenheim»  in  1861  and  1864. 

Production  and  Commerce.  In  the  following  list  the  countries  are 
arranged  with  reference  to  the  amount  of  oil  produced. 

America.  The  principal  places  of  production  are  in  the  states  of  New 
York,  Michigan  and  Indiana.  Whereas  formerly  the  state  of  New  York 
controlled  the  market,  Michigan  has  superseded  it  during  the  last  ten 
years  and  produces  at  present  at  least  four  to  five  times  as  much.  On 
the  other  hand  the  oil  from  the  former  state  and  especially  that  from 
Wayne  county  with  Lyons  as  the  market,  is  still  preferred  qualitatively 
to  the  Michigan  or  "Western"  oil. 


Froe.  Am.  Pharm.  Assoc.  8*.  p.  *)  Ailrentarlorum     rarll     argument!    liber 

Amer.  Dnotat,    Sept.    188B.  p.        unuB,  p.  9«. 

ill's  Chera.  Ann.,  1/83,  II.  p.  427. 


161,  and  June  1888;  Proc. 
Pharm.   Assoc.  1888;    Pharm.  J< 
HI,  10,  pp.  n  and  4. 

>>  Proc.  Am.  Pharm.  Ami*., 
449.  — Am.  Joiirn.  Pharm.,  42,  p 
Archlv  d.  Pharm.,  102,  p.  2B2. 


TrommadoHTa  Jouro.  d.  Pharm.,  1 
Annul.  deChlm.  et  Phya.,  SO,  p 
LlebU'a  Annalen.  6,  p.  208. 
Ibidem.  82.  p.  288. 
Ibidem.  120,  p.  860;    180.  p. 
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The  largest  yearly  production  of  peppermint  oil  was  reached  in  1897 
and  was  distributed  as  follows. 

Eastern  Michigan 13,000  lbs. 

Western        "        79,000    " 

Northern       " 25.000    " 

Southern       " 53,000    " 

Indiana 32.000    " 

Various  localities.    10,000    " 

Total Tl2t4,000~ibB; 

Add  to  this: 

State  of  New  York 87.000  lbs. 

Total 2.'il,»00  lbs. 

As  the  result  of  this  enormous  production  an  entirely  unexpected 
drop  in  price  has  taken  place,  which  must  necessarily  lead  to  restriction 
in  the  peppermint  culture. 

The  oldest  and  best  known  American  trademarks  are  those  ol 
"H.  G.  Hotchkiss"  under  which  only  crude,  natural  oil  is  shipped,  and 
"F.  8.  &  Co.,"  under  which  rectified  American  peppermint  oil  is  brought 
into  the  market  since  1H72.  Both  of  these  are  found  in  the  market 
exclusively  in  1  and  5  lb.  glass  hottles.  Large  amounts  of  crude 
American  oil  come  into  the  market  in  tins  or  cans.  The  largest 
purchasers  of  these  an)  New  York  wholesale  houses  who  have  agents 
in  the  producing  districts 

Japan.  The  peppermint  oil  production  originally  had  its  seat  in 
the  vicinity  of  Yonemwa,  but  since  a  few  years  has  also  started  in  the 
province  Bingo  Bitchn  — both  on  Hondo  — and  recently  also  on  the 
northernmost  island  Hokkaido  (Yezo).  The  largest  production  in  . 
Japan  was  probably  reached  in  1896  with  more  than  220. 000  catties 
(1  catty  =  605  g.).  This  tiiiormous  amount  was  distributed  in  the 
different  localities  us  follows: 

l'z»n  with  Yomoawa  us  principal  pltti*- abt.  1,200  picnls 

Biogo "        800      " 

Bitrihu ••        150      " 

Hiwn.. "  50      " 

AM -  6      •' 

Yamato "  7      " 

Yamashiro - "  5 

-■■  imi.o "*  5 

So  ruga.  ..-■-  - "  & 

Inland  of  Shikoku "'  5 

Total aht.  2,282  pk-als.* 

i)  1  Picul  =  100  oatliea  =  60.470  k.,  1  catty  —  60n  g. 
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Here,  likewise,  tlie  necessary  result  was  a  corresponding  decrease  in 
price  and  a  restriction  in  the  peppermint  cultivation.  The  production 
of  peppermint  oil  decreased  as  a  result  in  1807  to  about  1,400  piculs, 
in  1898  to  about  1,000  piculs.  The  principal  commercial  center  for 
peppermint  oil  in  Japan  is  Yokohama;  Kobe  ranks  next  in  importance. 

Hamburg  has.  on  account  of  the  splendid  steamer  connections,  be- 
come the  principal  market  in  Europe  lor  Japan  peppermint  oil.  London 
and  New  York  are  second  and  third  in  importance.  The  great  importance 
of  Hamburg  for  the  entire  peppermint  commerce  is  seen  from  the  fol- 
lowing official  statistics: 


Import 

34.190 

30,470 
J40 
— 
7,060 

100 

„*, 

4B0.8S0, 

8o8,860  , 

7,480 

181.25(1 1 
1,800 

AyprHRe 

14 

10 
31 

26 
12 

i 

II        k" 

Hk. 

Prom  the   United  Stat**  and 

1'  31,840 
I1  24.OO0 

'         190 
f     8,020 
l'         200 
[■        210 

1        140 

"      Australia  (Mainland). ... 

2N6.410 

"       hranoe  

Other  unjiort  hy  water 

2.950 
1.470 

72,080 

974,170  \ 

14 

64,600 

England.  The  peppermint  culture  and  oil  distillation  have  their 
seat  in  Surrey,  Hertfordshire  and  Lincolnshire,  in  the  vicinity  of  the 
towns  Mitcham,  Waddon,  West  Oroyden,  Wallington,  Carshnlton  and 
Market  Deeping.  The  total  area  under  peppermint  cultivation  in  the 
Mitcham  districts  is  estimated  at  .'(00  acres.  About  50  acres  are  planted 
with  the  preferred,  so-called  white  mint.  The  total  production  of  the 
districts  named  is  estimated  at  about  20,000  lbs.;  statistics  do  not  exist. 

Not  entirely  unimportant  is  the  peppermint  oil  production  in  France, 
amounting  to  several  thousand  kilos.  It  has  its  seat  exclusively  in  the 
D/'partement  des  Alpes  Maritimes.  The  French  oil  belongs  to  the  better 
commercial  .varieties. 

Germany.  In  Germany  the  production  of  peppermint  oil  has  con- 
siderably decreased  during  the  last  four  decades;  in  Thuringia  it  has 
stopped  almost  altogether.  On  the  other  hand  the  peppermint  cultivation 
has  been  started  on  a  large  scale  in  the  vicinity  of  Leipzig.  A  distillery 
equipped  with  modern  apparatus  is  in  the  midst'  of  the  fields  and,  by 
means  of  special  purifying  processes,  a  product  of  superior  quality  is 

I)  Murk  =  2»M  ett. 
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obtained.  The  annual  production  has  up  to  the  present  not  exceeded 
400  k. 

Italy  and  Russia  produce  peppermint,  nib  to  a  similar  extent, 
which  are  used  almost  exclusive!*  for  home  consumption.  In  Italy  the 
article  is  prot**Jted  by  a  comparatively  very  high  import,  duty. 

An  estimation  of  the  annual  world  production  of  peppermint  oil 
under  normal  conditions,  leads  to  the  following  result: 

North   America aht.  BO.OIIU  k. 

Japan •'  70,000  " 

England "  9.000  " 

France "  S.0O0  " 

Oermauy ,.„  •'  800  " 

Italy "  800  •' 

Kuweia "  1,200  ■■ 

Various  other  countries "  400  " 

Total abt.  175.000  k. 

This  quantity  appears  to  considerably  exceed  the  world  demand.  The 
principal  varieties  have  so  decreased  in  price,  that  only  a  restriction  in 
the  production  can  gradually  restore  a  normal  state. 

Properties.  As  already  mentioned,  the  peppermint  oils  produced 
in  the  various  countries  are  not  obtained  from  a  single  botanical 
species.  This  explains  why  the  individual  varieties  of  the  oil  show  such 
a  great  diversity  in  properties  and  composition.  For  all  practical 
purposes,  the  odor  and  taste  give  an  indication  of  the  quality  of  the 
oil.  By  these  properties  an  experienced  connoisseur  is  able  to  distinguish 
between  the  three  principal  commercial  varieties,  the  English,  American 
and  Japanese.  This  is  of  importance  on  account  of  the  great  differences 
in  price.  It  is  to  be  regretted  that  the  origin  of  an  oil  cannot  always 
be  definitely  recognized  by  a  physical  examination,  it  is  usually  com- 
pletely impossible  when  a  mixture  of  different  oils  is  under  consideration. 

Peppermint  oil  is  colorless,  yellowish  or  greenish-yellow,  of  a 
pleasant,  refreshing  odor  and  a  cooling  persistent  taste.  It  is  fairly 
fluid,  but  thickens  and  darkens  with  age. 

Specific  Gravity.  The  specific  gravity  of  the  different  varieties 
does  not  vary  greatly,  but"  the  differences  are,  nevertheless,  great 
enough,  that  sometimes  a  conclusion  as  to  the  origin  of  the  oil  can  be 
reached.  The  lightest  oil  is  the  dementholated  Japanese  oil  with  a 
density  of  0.895—0.905.  The  ap.  gr.  of  the  English  oil  lies  between 
0.900  and  0.910,  that  of  the  American  mostly  between  0.910— O.920. 
With  the  German  oil  a  sample  as  high  as  0.930  was  found. 
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Rotation.  To  a  certain  extent  t he  rotation  of  the  different  varieties 
is  characteristic;  it  ia  least  with  the  French  (up  to  —6°)  and  greatest 
with  the  Japanese  (up  to  —42°)  oil. 

Solubility.  The  solubility  in  alcohol  of  various  strengths  offers  a 
good  means  of  distinguishing  American  from  English  and  Japanese  oil. 
English  peppermint  oil  dissolved  to  a  clear  solution  in  3 — 5  vol.  of  70 
p.  c.  alcohol  at  20°.  With  a  further  addition  of  alcohol  the  solution 
as  a  rule  remains  clear,  although  sometimes  showing  a  slight  opalescence, 
but  with  a  pure  oil  never  a  separation  of  oil  drops.  The  solubility  of 
the  Japanese  (dementholated)  oil  in  70  p.  c.  alcohol  is  usually  the  same 
as  that  of  the  English,  often,  however,  somewhat  less.  It  must  be 
remembered  that  in  this  case  a  normal  distillate  is  not  under  consider- 
ation, but  rather  a  by-product  of  the  menthol  manufacture,  which  varies 
according  to  the  method  employed  for  the  preparation  of  the  menthol. 
Of  the  American  oils  the  cheap  Western  oil  shows  the  same  solubility 
as  the  English;  the  better  oil  from  Wayne  Co.,  N.  T.,  is  not  clearly 
soluble  in  70  p.  c.  alcohol.  Of  90  p.  c.  alcohol,  %  vol.  is  requisite  for 
making  a  clear  solution  with  the  latter  oil.  If  larger  quantities  of  this 
same  strength  of  alcohol  are  added,  there  appears  sometimes,  especially 
with  un  recti  fled  oils,  a  bluish  opalescence,  which  is  undesirable  for 
purposes  of  "liquor  manufacture.  According  to  Kennedy1  this  opalescence 
is  due  to  a  decomposition  produced  by  the  light.'  The  air  appears  not 
to  affect  the  oil  detrimentally  in  this  case,  as  a  long  continned  passage 
of  the  air  through  the  oil  did  not  give  rise  to  this  phenomenon. 
Observations  which  were  made  during  a  distillation  of  Saxon  pepper- 
mint oil,  indicate  that  the  oils  are  soluble  in  70  p.  c.  alcohol  when  they 
have  been  distilled  from  the  fresh,  and  insoluble  when  distilled  from  the 
dry,  herb.  This  would  explain  the  differences  in  solubility  of  the  English 
and  the  American  oil,  inasmuch  as  it  is  known  that  the  former  is 
distilled  from  the  fresh,  the  American  (Wayne  Co.)  from  the  previously 
dried,  herb.  Whether  or  not  other  influences  play  a  part,  cannot  at 
present  be  stated. 

Menthol  Separation  in  the  Cold.  The  normal  Japanese  oil  is  so 
rich  in  menthol,  that  even  at  ordinary  temperature  it  forms  a  crystalline 
mass  saturated  with  oil.  American  oil  solidifies  completely  in  a  freezing 
mixture,  while  the  English  as  well  as  the  Saxon  oil  very  often  shows 
crystalline  separations  -  only  after  standing  for  a  long  while  in  the 
freezing  mixture.     As  the  two  last  named  oils  command  the   highest 

M  Proc.  of  ft.  Texas  State  Fbarm.  Assoc.  1888,  p.  87. 
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price,  it  follows,  that  the  amount  of  menthol  which  can  be  separated 
from  an  oil  by  cooling-,  is  not  a  criterion  of  the  value  of  a  pepper- 
mint oil. 

Color  Reactions.  Numerous  color  reactions  have  been  suggested 
for  the  identification  of  peppermint  oil,  of  which  that  produced  by  acids 
is  the  prettiest  and  most  striking. 

If  5  drops  of  American  or  English  peppermint  oil  are  mixed  with  1  cc.  of 
glacial  acetic  acid,  a  blue  coloration  wilt  be  noticed  after  several  hours,  which 
gradually  increases  in  intensity  and  reaches  its  maximum  in  about  24  hours; 
the  mixture  with  American  oil  then  shows  a  deep  dark  blue  with  transmitted 
tight,  and  a  floe  copper-colored  fluorescence  with  reflected  light.  With  the 
English  oil  these  phenomena  are  less  intense,  often  only  a  light  blue  coloration 
with  a  faint  reddish  fluorescence  appears.  Japanese  oil1  does  not  show  this 
reaction,  the  mixture  remaining  colorless. 

Slight  warming  hastens  the  appearance  of  the  reaction.  The  color  obtained 
in  this  manner  is,  however,  not  so  pure  a  blue,  but  rather  of  a  violet  shade. 
Contact  with  the  air  is  necessary  for  the  reaction.  If  the  air  be  excluded,  no 
coloration  is  noticed,  even  after  several  days.  The  reaction  is  therefore  to  be 
considered  as  nn  oxidation  phenomenon.  The  reaction  is  very  quickly  produced 
when,  according  to  the  II.  8.  Pharmacopoeia,  2  cc.  of  oil  are  mixed  with  1  ec. 
of  glacial  acetic  acid  and  1  drop  of  nitric  acid.  By  this  treatment  the  Japanese 
oil  is  also  colored  slightly  violet. 

The  cause  of  the  color  reaction  is,  according  to  Folenske,*  to  be 
found  in  a  nitrogen-free,  volatile  body  accompanying  the  oil.  The  colore 
which  this  forms  with  acids  show  a  characteristic  spectroscopic 
behavior.  The  body  itself  is  decomposed  by  light,  for  an  oil  which  has 
been  exposed  for  some  time  to  the  sunlight  no  longer  gives  the  color 
reaction. 

Other  color  reactions  are  produced  as  follows : 

A  solution  of  1  cc.  of  oil  in  5  cc.  of  alcohol  is  heated  with  0.5  g.  of  sugar 
and  1  cc.  of  hydrochloric  acid.  The  mixture  assumes  a  deep  blue,  violet  or 
bluish-green  color.8 

A  red  color  is  produced  when  some  chloral  hydrate  and  hydrochloric  acid 
an>  added  to  French  peppermint  oil.*  German  and  English  oils  are  said  to  be 
colored  light  brown  by  this  reaction. 

The  cause  of  these  color  phenomena  are  as  little  known  as  the 
composition  of  the  bodies  which  produce  them.  From  a  practical 
standpoint  but  tittle  importance  can  be  attached  to  these  reactions. 

I)  Pharm.  Jooni.,  Ill,  1,  p.  682;   III.  2,  p.  821. 

■]  Arbeit™  a.  d.  kaJaerl.  GesumlhelUamt*.  BerllD  (ISM),  «,  p.  523.  —  Pbann. 
Zeituiijr,  8B.  p.  C47. 

»)  Chemlker-ZeltuDR,  18.  p.  264. 

•I  Archlv  d.  Pharm..  208,  p.  29;  203,  p.  826. 


byGoogle 


Oils  of  the  Lahiatae. 


VAX 


Composition.  Menthol,  which  is  found  in  all  varieties  of  peppermint 
oil,  must  be  considered  as  its  characteristic  constituent.  On  account  of 
its  ready  crystallization  it  was  early  observed  and  repeatedly  investi- 
gated by  the  older  and  the  newer  chemists.  The  properties  and 
chemical  derivatives  of  .this  interesting  compound  have  been  described 
in  detail  on  page  145..  Menthol  occurs  in  peppermint  oils  for  the 
greater  part  in  the  free  state,  in  smaller  quantities  in  the  form  of  its 
acetic  and  valerianic  acid  ester.  A  further  constituent  supposed  to  be 
common  to  all  peppermint  oils  is  menthone,  which  appears  to  have  been 
first  observed  by  Beckett  and  Wright.1 

The  formation  of  menthol  and  other  constituents  of  peppermint  oil 
during  various  stages  in  the  development  of  the  plant  has  been  investi- 
gated by  Eugitae  Charabot.2  The  oils  examined  were  derived  from  plants 
at  three  different  stages  of  growth ;  the  first  as  soon  as  the  inflorescence 
appeared,  and  before  the  formation  of  flower  buds,  the  second  when  flower 
buds  were  formed,  the  third  when  the  flowers  were  fully  expanded. 


Bnfore  forma- 
tion of  fltiwer 
biida. 

After  fort 
Dower 

nation  of 

Flowering 

8p.  gr.  at  18°  C 

Esters  (as  meutbyl  acetate). 

0.9025 
—24°  10' 
8.  7  percent 
2.9      " 

44.3      " 

47.2      " 
5.2      " 

a)  ten™. 

0.0016 

—26° 

10.3  pereeni 

8.1  ■' 

42.2  " 

50.3  " 

4.2  " 

b)  inflorra- 

o.&oai 

—20°  15' 

7.5  percent 

5.9  " 
29.9  " 
85.B  " 
16.7      " 

0.9200 

-2°  87' 
10.7  percent 
8.4      '■ 

It  will  thus  be  seen  that  at  the  first  stage  the  plant  yields  an  oil 
rich  in  menthol,  but  containing  a  relatively  small  proportion  of  esters, 
and  in  which,  menthone  is  only  present  in  small  quantity;  as,  however, 
the  development  of  the  green  parts  of  the  plant  progresses,  the 
proportion  of  esters  increases,  and  this  esteriflcation  takes  place  in  the 
leaves,  for  the  oil  from  the  inflorescences  is  less  rich  in  esters.  Menthone, 
however,  would  appear  to  be  chiefly  formed  in  the  flowers,  where  it 
increases  during  the  development  of  the  inflorescences,  while  the  pro- 
portion of  the  total  menthol  diminishes.  It  is  concluded,  therefore,  that, 
as  in  the  case  of  lavender,  esteriflcation  is  confined  to  the  chlorophyll- 
bearing  parts,  and  that  menthone  is  formed  in  the  flowers  by  the 
oxidation  of  menthol. 


..  1876.  i.  p.  a. 


■')  t'ompt.  rend.,  1BO.  p.  516, 
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The  more  recent  investigations  are  always  confined  to  a  single  oil 
of  definite  origin.  Inasmuch  as  the  differences  between  the  various  oils 
depend  without  doubt  on  a  difference  in  chemical  composition,  the 
results  obtained  with  one  oil  cannot  offhand  be  applied  to  another. 
For  this  reason  the  chemical  composition  will  have  to  be  discussed 
under  each  individual  oil. 

American  Peppermint  Oil. 

There  are  two  varieties  of  American  oil,  that  from  Wayne  County  on 
Lake  Ontario,  in  New  York,  which  is  considered  as  the  finer  oil,  and  the 
cheaper  and  less  valued  oil  distilled  in  Michigan  and  Indiana,  in  Wayne,  St. 
Joseph  and  Van  Buren  Counties,  and  known  as  Western  or  Michigan  oil. 

Properties.  The  sp.  gr.  of  the  peppermint  oil  from  the  state  of 
New  York  lies  between  0.91  and  0.92,  the  angle  of  rotation  «d  between 
— 23  and  — 83°.  The  oil  is  not  soluble  in  70  p,  c,  but  in  %  and  more 
parts  of  90  p.  c.  alcohol,  to  a  clear  eolation.  In  a  freezing  mixture  it 
solidifies  quite  rapidly  to  a  crystalline  mass.  It  contains  a  total  of 
50—60  p.  c.  of  menthol,  of  which  40 — 45  p.  c.  are  in  the  free  state  and 
8 — 14  p.  c.  as  esters.    The  amount  of  menthone  present  is  about  12  p.  e. 

The  Michigan  oil  has  a  less  fine  odor  than  the  preceding  oil,  but 
•  has  the  advantage,  that  it  is  clearly  soluble  in  4—5  p.  of  70  p.  c. 
alcohol.  The  sp.  gr.  of  the  oils  so  far  investigated  varied  between 
0.905  and  0.913.  the  rotatory  power  «i>  between  —18  and  —29°.  A 
menthol  determination  made  on  four  oils  gave  the  following  results; 
Free  menthol,  43.6—50.3  p.  c;  menthol  as  ester,  4.3—8.5  p.  c;  total 
menthol,  48.6 — 58  p.  c.  Two  other  oils  of  the  same  source  were,  as 
could  be  seen  from  their  low  total  menthol  content  of  32.6  and  35.8  p.  c, 
adulterated  or  dementholated. 

Power  and  Kleber1  have  published  a  very  detailed  investigation  of 
the  constituents  of  American  peppermint  oil.  The  oil  had'been  distilled 
from  the  dried  herb,  free  from  weeds,  collected  in  Wayne  County,  New 
York.  The  yield  was  0.67  p.c;  ep.gr.  0.9140;  aD=  —  32°0/.  Menthol 
as  ester,  14.12  p.  c;  free  menthol,  45.5  p.  c;  total  menthol,  59.6  p.  c. 
By  distillation  from  a  fractionating  flask  the  following  fractions  were 
obtained ; 

Up  to  200° 2.6  p.  c.  220—225° 19.6  p.  c 

200—205° 2.4      "  225—280° 9.0     " 

205— 210= 8.6     "  280—285° 8.6     " 

210-215° 18.8     "  Residue 12.2     " 

215-220° 24.0     " 

i)  Pharm.  Iiunilwhau,  12,  p.  187;  Aroh.  d.  Pbarm.,  383,  p.  889. 
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On  account  of  the  greater  care  taken  in  the  collection  of  the 
material,  and  on  account  ot  the  more  perfect  distilling  arrangements, 
the  oil  had  a  much  purer  and  more  pleasant  odor  than  the  ordinary 
commercial  oil. 

In  American  peppermint  oil  there  have  been  found  so  far  no  less 
than  17  different,  well  characterized  chemical  compounds,  a  number 
which  has  np  to  the  present  not  been  found  in  any  other  oil.  The 
bodies  found  can  be  here  given  with  but  a  brief  mention  of  their 
detection.  For  the  details  and  the  course  of  the  analysis  the  original 
must  be  consulted. 

American  peppermint  oil  contains: 

1)  Acetaldehyde,  CH8COH,  abt.  0.044  p.  c,  yielded  acetic  acid  on 
oxidation. 

2)  Isovaleric  aldehyde,  (CHa)a.CH.CHa.COH,  abt.  0.048  p.  c, 
b.  p.  92°,  gave  valerianic  acid  on  oxidation. 

3)  Free  acetic  acid,  CH8C00H. 

4)  Free  isovalerisnic  acid,  (CHs)a-CH.CHa.COOH. 

5)  Pinene,3  CioHm,  inactive,  perhaps  a  mixture  of  d-  and  1-piuene 
(pinene  mtrolpiperidine,  m.  p.  118°,  pinene  nitrol  benzyl  amine, 
ra.  p.  128°). 

6)  Phellandrene,  CtoHi«  (nitrite,  m.  p.  100°). 

7)  Cineol,  CioHisO,  b.  p.  174 — 177°  (cineol  hydrobromide,  cineolic 
acid,  m.  p.  196°). 

8)  1-Limonene,  CioHie,  (tetrabromide,  m.  p.  104°). 
1  9)  Menthoue,  CioHisO,  (conversion  into  menthol). 
*10)  Menthol,  CioHaoO,  b.  p.  215.5°. 

\11)  Menthyl  acetate,  CioHisO.  CaHaO. 

12)  Menthyl  is o valerianate,  CioHioO.CsHsO. 

13)  Menthyl  ester  of  an  acid  CsHisOa,  CioHioO.C8HuO. 

14)  A  lactone  CioHiaOa,  m.  p.  23°,  of  a  stale  odor,  reminding 
slightly  of  borneol.  The  corresponding  oxy  acid  crystallizes 
from  petroleum  ether  in  shining  needles,  melting  at  93°. 

15)  Cadinene,1  CibHs*  (dichlorhydrate,  m.  p.  118°). 
10)  Amyl  alcohol.  CsHiaO,  (acetate). 

17)  Dimethyl  sulphide,"  S(CHs)a. 

Besides  these  there  appear  to  be  present  in  peppermint  oil  other 
higher  boiling,  unstable  sulphur  compounds,   as  during  the  middle  of 

1)  Bertebt  von  8.  A  Co.,  Apr.  1894.  p.  42. 

>>  First  obaerwi  by  Halaev  (Prop.  Wisconsin  Pharm.  Assoc  1893.  p.  90). 

H  Berlcbt  von  S.  *  Co..  Oct.  1806,  p.  61. 
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the  rectification  of  the  oil,  there  is  frequently  noticed  a  penetrating 
odor,  reminding  of  putrifying  ruta-baga. 

The  presence  of  dimethyl  sulphide  in  peppermint  oil,  is  shown  as 
follows : 

From  ~>0  cc.  of  the  crude  oil  about  1  cc.  is  distilled  off,  and  this  poured  on 
an  aqueous  solution  of  mercuric  chloride.  In  a  short  time  the  formation  of  a 
aoft  akin  can  be  observed  at  the  zone  of  contact  of  the  two  liquids.  On  account 
of  its  volatility  the  dimethyl  sulphide  collects  in  the  first  portions  on  rectifi- 
cation oi  the  oil.  Oils  from  which  the  first  runnings  of  the  rectification  linvi- 
been  removed,  no  longer  show  the  reaction. 

Menthene,  CioHia.  b.  p.  158—160°,  which  according  to  Andrea  and 
Andreef1  occurs  in  Russian  peppermint  oil,  could  not,  in  spite  of  a 
diligent  search,  be  found  in  the  American  oil.  Likewise  unsuccessful 
was  the  search  for  a  terpene  CioHm.  boiling  at  175°  and  having  the 
properties  of  Brfilil's*  so-called  menthene. 

English  Peppermint  Oil. 

The  English  oil,  mostly  designated  as  Mitcbam  peppermint  oil,  is 

very  highly  valued  on  account  of  its  fine  aroma  and  pleasant  taste. 

It   jb  obtained  from  two  varieties,  the  black  and  the  white  mint. 

The  former  gives  by  distillation  the  larger  yield,  but  the  oil  from  the 

white  mint  is  considered  as  superior  in  quality. 

Pbopebties.  English  peppermint  oil  has  the  sp.  gr.  0.900 — 0.910. 
the  rotatory  power  aD  =  — 22°  to  —33°.  Total  menthol,  58—06  p.  c; 
free  menthol,  50—60  p.  c. ;  menthol  as  ester,  3—14  p.  c. ;  nienthone 
9—12  p.  c.  The  oils  of  the  two  English  varieties  differ,  according  to 
Umney,8  in  their  content  of  menthol  as  esters.  Whereas  the  oil  of  the 
white  mint  contains  14  p.  c.  of  menthol  as  esters,  the  oil  of  the  black 
mint  contains  only  7  p.  c.  The  oil  of  a  black  mint  cultivated  in  America 
had,  however,  a  content  of  12.2  p.  c.  of  menthol  as  esters,  from  which 
it  follows  that  the  difference  in  the  ester  content  is  not  decisive.  Umney 
observed  great  differences  on  fractionation  of  the  oil  of  the  white  and 
of  the  black  mint. 

Black  mint.     White  mint. 

Below  200° 5  p.  c.  24  p  c. 

200-205° 27 

205-210° 81 

210—215° 22 

215—220° 7 

Above  220° 8 

■  I  Uerlchtc,  2B,  p.  60(1.  »)   Pbarm.  Journ.,  fl6,  D.  138;  B7.  p.  108. 
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The  color  reaction  with  glacial  acetic  acid  is  less  intense  than 
with  the  American  oil;  according  to  TJmney  the  intensity  of  coloration 
increases  with  the  amount  of  esters  present. 

Although  the  menthol  content  found  by  acetylizatiou  is  higher  in 
the  English  oil  than  in  the  American,  often  only  a  slight  separation  of 
crystals  takes  place  in  the  freezing  mixture.  This  behavior  makes  it 
probable  that  besides  menthol  there  are  present  other  alcohols  (isomeric 
liquid  menthols?)  which  are  estimated  as  menthol  in  the  acetylization 
method. 

Composition.  Fliickiger  and  Power1  isolated  from  the  English 
peppermint  oil  two  laevojryrate  terpenes,  boiling  at  165-— 170°  (mixture 
of  pinene  and  phellandrene?),  as  well  as  a  dextrogyrate  sesquiterpene 
boiling  at  255—200°  (probably  cadinene).  Umney*  showed  the 
presence  of  phellandrene  by  the  nitrite  reaction  and  ascertained  that 
the  acids  combined  with  the  menthol  as  esters  are  the  same  as 
in  the  American  oil.  namely,  acetic  and  isovalerianic  acids.  He 
further  determined  quantitatively  the  amount  of  men t bone  present  in 
the  oil. 

There  is  no  doubt  but  that  with  a  thorough  investigation  a  great 
number  of  the  same  substances  occurring  in  the  American  oil  would  be 
found. 

■Japanese  Peppermint  Oil. 

Properties.  The  normal  Japanese  oil  is  at  ordinary  temperatures 
a  solid  mass  of  crystals  saturated  with  oil.  In  commerce  occurs  the 
normal  oil  (ansepa rated),  the  crude  menthol,  forming  a  loose  crystal 
mass  (cryst-ils),  or  the  liquid  oil  separated  from  the  latter  (oil). 

The  Japanese  oil  is  the  cheapest  of  the  peppermint  oils,  but  cannot 
be  used  for  all  purposes  on  account  of  its  bitter  taste.  Normal  oil  has 
the  sp.  gr.  0.895—0.900  at  24°;  solidification  point*  +17  to  +28°; 
angle  of  rotation  ao  =— 30  to  —42°.  It  is  soluble  in  3—5  p.  of  70 
p.  c.  alcohol.  Total  menthol,  70—91  p.  c. ;  free  menthol,  65—85  p.  c. ; 
menthol  as  ester,  3—6  p.  c.  The  liquid  oil  obtained  in  the  prepar- 
ation of  menthol  has  the  sp.  gr.  0.895—0.905,  «d  =  — 26  to  —35°.  It 
is  not  always  soluble  to  a  clear  solution  in  3—5  p.  of  70  p.  c.  alcohol. 
The  color  reaction  with  glacial  acetic  acid  described  on  p.  642  is  not 
given  by  the  Japanese  oil,  or  only  to  a  slight  degree. 

i)  Pharm.  Joorn,  III.  11,  p.  330;  Archiv  d.  Pharm.,  318,  p.  333. 
»)  Pharm.  Joorn.,  56,  p.  138;  07,  p.  108. 
■  )  Determined  ae  described  on  p.  1ST. 
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Composition.  Japanese  peppermint  oil  was  investigated  in  1876  by 
Beckett  and  Wright.1  They  found  in  the  fraction  boiling  at  210—215° 
of  the  part  remaining  liquid  on  cooling,  a  body  CioHisO  isomeric  with 
borneol,  which  in  all  probability  was  menthone.  In  the  fraction  boiling 
at  245—255°  they  suspected  a  compound  CsoHsoO,  which,  according  to 
their  view,  was  formed  by  the  splitting  off  of  water  from  8  molecules 
of  the  body  CioHisO. 

3CioHiS0  =C80HboO  +  2H30. 

As  this  formula  is  not  very  probable,  it  must  be  assumed  that  the 
fraction  245— 255°  consisted  of  impure  menthol,  mixed  with  sesquiterpene. 

Saxon  Peppermint  Oil. 
The  Saxon  peppermint  oil  is  unsurpassed  by  all  other  commercial 
varieties  in  fineness  of  aroma. and  taste.  It  is  the  highest  priced  of  all 
the  peppermint  oils.  As  it*  annual  production  amounts  to  only  a  few 
hundred  kilos,  it  plays  no  important  part  in  the  world's  market. 
Sp.  gr.  0.900—0.915;  aD=— 25  to  —33°.  The  solubility  is  mostly  the 
same  as  with  the  English  oil,  sometimes,  however,  a  slight  opalescent 
turbidity  results  on  the  further  addition  of  70  p.  c.  alcohol.  Total 
menthol,  54.7— 67.6  p.  c;  free  menthol,  46.5—61.2  p.  c. ;  menthol  as 
ester,  5.7 — 8.2  p.  c. ;  menthone,  15.7  p.  c.  On  cooling  a  crystal  separ- 
ation or  solidification  takes  place  only  after  standing  for  several  days 
in  a  freezing  mixture.8 

German  Peppermint  Oil. 

The  oil  distilled  in  Gnadenfrei,  Silicia,  in  small  amounts,  belongs  to 
the  best  peppermint  oils  and  is  similar  in  its  properties  to  the  Saxon  oil. 

From  the  refuse,  not  suitable  for  medicinal  purposes,  of  the  pepper- 
mint plants  cultivated  in  Colleda,  Ringleben  (Thuringia)  and  other 
places,  an  oil  of  inferior  quality,  accompanied  by  an  unpleasant  spear- 
mint-like odor,  is  obtained.  Sp.  gr.  0.899—0.930;  «D  =  —27  to  —33°. 
The  oil  is  usually  not  soluble  to  a  clear  solution  in  70  p.  c.  alcohol. 

French  Peppermint  Oil. 

The  peppermint  oil   produced   in   southern   France   appears  to   be 

principally  used  in  France  itself.     It  distinguishes  itself  by  a  high  sp.  gr. 

and  low  rotatory  power.    Sp.  gr.  0.918—0.920;  oD=— 5° 54'  to  — 8°20'. 

A   sample   investigated    was    not    soluble    in    70  p.  c.    alcohol.     Total 

i)  JoorD.  Chem.  Sop.,  187S.  I,  |>.  B:  Jnhrewl).  !.  Cbem.,  1876.  p.  887. 
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menthol  43.7 — 16  p.  c;  free  menthol  35.7—39.4  p.  c;  esters  7.1—10  p.  c; 
menthone  8.8 — 9.3  p.  c.  The  acids  combined  with  the  menthol  are  the 
same  as  those  in  the  American  and  English  oil,  namely,  acetic  and 
iso valerianic  acid.1 

Charabot,1  together  with  G.  Ebray,  has  studied  an  interesting 
change  in  the  inflorescence  of  Mentha  piperita,  which  is  known  to  the 
cultivators  and  distillers  of  south-western  France  as  Menthe  baeiliqufie. 
This  variety  of  Mentha  piperita  shows  besides  the  normal  inflorescence 
also  some  which  appear  like  racemes,  similar  to  the  inflorescence  of  the 
basilicum  after  the  petals  have  fallen  off.  These  changed  shoots  do  not 
blossom;  but  rather  appear  as  though  carrying  seed,  although  in  their 
place  are  found  only  bunches  of  leaves. '  A  microscopic  examination  of 
a  section  through  the  base  of  the  changed  sprout  has  shown,  that  the 
change  is  brought  about  by  the  sting  of  an  insect.  The  oil  obtained 
from  this  changed  plant  has  an  unpleasant  odor  and  distinguishes 
itself  from  the  normal  oil  by  a  higher  sp.  gr.  and  rotatory  power,  as 
well  as  by  the  lower  content  of  menthol  and  menthone.  For  such  an 
oil  were  determined:  sp.  gr.  0.924  at  18°;  «o  =  +7°;  esters,  8.2  p.  c; 
total  menthol,  41  p.  c;  menthone,  3  p.  c. 

Russian  Peppermint  Oil. 

The  Russian  peppermint  oil  likewise  plays  no  part,  in  the  .world's 
market,  and  like  the  French,  is  principally  distilled  for  home  consumption. 
Sp.  gr.  0.905— 0.910;  av  =—17  to—  22°.  The  amount  of  total  menthol 
determined  in  a  single  case  was  50.2  p.  c.  (free  menthol  46.8,  menthol 
as  ester  3.4).  Crystallization  took  place  only  after  standing  for  a  long 
while  in  the  freezing  mixture.8 

Russian  peppermint  oil  has  been  investigated  by  Andres  and 
Andreef.8  Besides  menthol,  it  contains  dextrogyrate  menthone,  probably 
a  mixture  of  both  optical  modifications,  in  which  the  dextrogyrate 
modification  predominates.  The  fraction  158—160°  gave  on  analysis 
numbers  which  indicate  a  mixture  of  a  hydrocarbon  CioHis  with  a 
terpene  (pinene?).  The  authors  therefore  assume  the  presence  of  a 
menthene,*  which,  however,  they  were  unable  to  isolate  in  a  pure  form. 
The  fraction  173 — 175°  contains  1-Hmonene  (tetrabromide,  m.  p.  102°, 
nitrosochloride,  m.  p.  103°,  d  to  hi  or  hydrate,  m.  p.  49.5—50°. 

i)  Bull.  Boe,  cblm..  Ill,  ID.  p.  117. 

»)  Berlcht  tod  S.  &  Co.,  Apr.  1896,  p.  50:  lbldsro,  Apr.  1KS9,  p.  83. 

")  Berlchte.  25,  p.  SDK;   Pharm.  Ztech.  f.  Bunl.,  2ft,  p.  841. 

*)  The  menthene,   i"',,,!!,,,   rasa  I  tine   Uy   splitting  alt  water  from   menthol,  boila  at 
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Italian  Peppermint  Oil. 
The  oil  distilled  in  the  provinces  of  Piemont  and  Padua  is  not 
exported,  at  least  not  in  appreciable  quantities.  Up.  gr.  0.911 — 0.926; 
«d  =  —13  to  —18°;  b.  p.  195—222°.  In  a  freezing  mixture  none  or 
only  a  slight  menthol  separation  takes  place.  Total  menthol,  44.1 — 46.6 
p.  c;  free  menthol,  36.7 — 41  p.  c.j  menthol  as  ester,  5.6 — 7.4  p.  c. 

Bohemian  Peppermint  Oil. 
An   oil  distilled  in  Bohemia  had  the  following  properties:   sp.  gr. 
0.905;  «d  =  —27°  22'.    Soluble  in  70  p.  c.  alcohol.     Total  menthol, 
59.9  p.  c;  ester  menthol,  8.7  p.  c;  free  menthol,  51.2  p.  c.1 

Chilian  Peppermint  Oil. 
An   oil   distilled   in   Osorno    (Chili)   of  the  sp.  gr.  0.916,   had   an 
intense  odor  of  pennyroyal.3 

Reunion  Peppermint  Oil. 
An  oil    prepared  on    the  island  of   Reunion  had  an  odor  more   of 
lavender  than  of  peppermint.     With  iodole  it  gave  Hirschsohn's  cineol 
reaction,  had  the  sp.  gr.  0.887,  the  rotatory  power  «u  =  — 6D9',  and* 
was  soluble  in  4  p.  of  70  p.  c.  alcohol. 

Examination.  For  the  detection  and  identification  of  the  numerous 
Adulterants  of  peppermint  oil  it  is  necessary,  above  all,  to  determine 
the  physical  constants,  as  by  them  the  attention  is  called  to  grosser 
adulterations  with  alcohol,  turpentine  oil,  and  other  volatile  oils.  For 
distinguishing  the  different  varieties  the  solubility  determination  m 
70  p.  c.  alcohol  is  very  useful.  All  peppermint  oils  are  soluble  in  equal 
parts  of  90  p.  c.  alcohol,  but  only  a  part  of  them  form  clear  solutions 
with  70  p.  c.  alcohol. 

The  U.  S.  Pharmacopoeia  requires  that  peppermint  oil  solidify  at 
—8  to  —20°.  If  American  oil  is  allowed  to  stand  in  a  good  freezing 
mixture  of  ice  and  salt  until  thoroughly  cooled,  and  then  a  small 
crystal  of  menthol  added,  it  will  crystallize  in  a  short  while  to  a  solid 
mass.  With  English  peppermint  oil  a  good  menthol  separation  usually 
takes  place,  but  as  a  rule  it  does,  not  solidify.  The  behavior  of  the 
other    oils    in    a   freezing    mixture    has    been   mentioned   under  their 
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description.  American  oil  has  been  repeatedly  found  in  the  market  from 
which  a  part  of  the  menthol  had  been  removed ;  the  solidification  test 
is  therefore  of  importance  for  this  variety.  With  the  English  oil  the 
separation  of  menthol  is  hardly  profitable  as  the  oil  commands  a  higher 
price  than  menthol. 

Inasmuch  as  adulterations  with  other  oils  decrease  the  menthol 
content,  a  quantitative  menthol  determination  is  often  of  great  value. 
According  to  Power  and  Kleber  the  method  is  as  follows:1 

20  g.  of  pep  perm  hit  oil  are  heated  to  boiling  with  20  g  of  alcoholic  normal 
soda  solution  (or  normal  or  %  normal  potassa  solution)  for  about  an  hour,  in 
a  flask  provided  with  a  reflux  condenser  (tig.  56,  p.  194),  in  order  to  decompose 
the  menthol  esters.  After  cooling,  the  unconsumed  alkali  is  titrated  back  with 
normal  sulphuric  acid,  using  phenol  phthalein  K„  indicator.  The  saponified  oil 
is  repeatedly  washed  with  much  water  and  then  heated  with  an  equal  volume 
of  glacial  acetic  acid  and  2  g.  of  anhydrous  sodium  acetate  in  a  flask  provided 
with  a  glass-ground  tube  condenser  I  fig.  37,  p.  195).  After  cooling,  the  oil  is 
washed  several  times  with  water  and  dilute  soda  solution,  dried  with  calcium 
chloride  and  Altered.  H — 10  g.  of  this  oil  are  then  saponified,  as  described 
above,  with  50  cc.  of  alcoholic  normal  soda  solution  and  the  excess  of  alkali 
titrated  back. 

Each  cc.  of  the  normal  soda  solution  corresponds  to  0.156  g.  of  menthol  or 
0.198  g.  of  menihyl  acetate.  In  order,  therefore,  to  obtain  the  percentage  of 
menthol  in  the  original  oil  (not  acetylized,  bat  freed  from  ester)  it  is  necessary 
to  deduct  0.042  g.  (the  difference  between  0.156  and  0.198)  for  every  cc.  of 
normal  alkali  consumed.  If,  e.  g.,  s  g.  of  acetylized  oil  reuuire  a  cc.  of  normal 
soda  solution,  the  total  menthol  content  P  (free  and  ester)  can  be  calculated 
according  to  the  following  formula: 

»X15.6 
~  B—  (a  X  0.042) 

The  result  thus  obtained  does  not  express  exactly  the  menthol  content, 
inasmuch  as  it  is  assumed  lor  purposes  of  calculation  that  all  the  menthol  is 
present  as  acetic  ester  whereas  some  of  it  is  combined  with  iso valerianic  acid. 
The  resulting  error,  however,  is  so  small  that  it  can  be  disregarded. 

The  amount  of  menthone  is  determined  in  the  following  manner: 

After  the  menthol  content  has  been  determined  with  a  part  of  the  saponified    ' 
oil.  another  part  is  diluted   with  twice  its  volume  of  alcohol  and   boiled  for 
some  time  with  metallic  sodium.    Thereby  the  menthone  is  reduced  to  menthol 
wbicb  can  be  assayed  as  described  above.  * 

373.    CHI  of  Spearmint. 

Oleum  Meuthae  (' rl spae.  —  K ran seni I iwol.  —  Essence  de  Menthe  Crepue. 
Origin  and  Preparation.     Distinction  is  made  between  three  kinds 
of  spearmint  oil,  American,  German  and  Russian.     The  American  oil  is 
i)  Fhann.  HuDdachau,  12,  p.  1«2, 
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distilled  in  New  York  and  Michigan  from  the  fresh  herb  of  Mentha 
viridis  L.  The  herb  is  cultivated  to  a  not  inconsiderable  extent,  as 
much  as  12,000  lbs.  of  oil  being  obtained  in  the  two  states  mentioned.1 
In  England  (Mitcham)  also  some  oil  is  distilled  from  the  same  plant. 

The  German  oil  is  distilled  in  small  amounts,  in  Thuringia  only, 
where  spearmint  is  cultivated  for  medicinal  purposes.  The  waste  resulting 
in  the  process  of  drying  is  used  for  this  purpose.  The  plant  cultivated 
is  the  Mentha,  criapa  L.  which  is  regarded  as  a  cultural  variety  of 
M.  aqu&tka  L.,  whereas  M.  viridis  L.  is  probably  a  cultural  variety  of 
M.  silvestris  L.* 

The  botanical  source  of  the  Russian  oil  is  not  known. 

Properties.  American  and  German  spearmint  oil  resemble  each 
other  so  closely  that  no  distinction  is  made  in  commerce.  The  oil  is 
a  colorless,  yellowish,  or  greenish -yellow- liquid  and  possesses  the  char- 
acteristic, penetrating  and  disagreeable  odor  of  spearmint.  With  age 
and  upon  exposure  to  the  air,  the  oil  becomes  viscid  and  darker. 

The  American  oil  has  a  sp.gr.  of  0.920—0.940  and  aD  =  — 36  to— 48°. 
It  is  soluble  in  equal  parts  of  90  p.  c.  alcohol,  but  the  solution  is 
rendered  turbid  upon  the  addition  of  more  solvent.  An  oil  distilled  by 
Fritzsche  Bros,  had  somewhat  different  properties.  The  spearmint  had 
been  cultivated  on  the  factory  grounds  at  Garfield,  N.  J.,  and  was 
just  in  blossom  when  distilled.  The  yield  was  0.3  p.  c.  The  oil  had 
a  sp.  gr.  of  0.980,  consequently  higher  than  that  of  the  ordinary 
oils;  nc=—  42°30'.  The  odor  was  quite  different  from  that  of  the 
commercial  oil,  not  at  all  minty  or  pennyroyal-like,  but  reminded 
distinctly  of  carvone.  Upon  cohobating  the  aqueous  distillate  a  con- 
siderable amount  of  oil  heavier  than  water  was  obtained.  It  is  passible 
that  in  the  distillation  of  the  commercial  oil  a  part  of  this  heavy  oil  is 
lost,  thus  accounting  for  the  lower  specific  gravity.1  After  the  first 
harvest  toward  the  close  of  July,  a  second  was  made  early  in  October. 
The  yield  from  the  fresh  herb  was  only  0.18  p.  c.  The  odor  of  this  oil 
was  less  delicate,  its  specific  gravity  and  rotatory  power  were  lower,  vii. 
0.9U1  and  «d  =  —  37°  20'.  Nevertheless,  this  oil  was  still  heavier  than 
the  commercial  oils,  though  no  fraction  was  ohtained  heavier  than  water.* 

Composition.  According  to  Kane4  the  oil  of  Mentha,  viridis  is  sup- 
posed  to    contain   a   crystalline   constituent,   but    none   of    the    later 

i)  Berlcht  ion  8.  t  Co.,  Oct.  1896,  p.  15. 

»)  PharmacoBtiodle.  Rrd  efl.,  p.  727.  —  S*e  also  p.  629. 

•  i  Berlcht  von  S.  *  Co.,  Apr.  1S97,  p.  40. 

*1  Journ.  r.  prakt.  Chera.,  IS.  p.  168:  Lleblg'n  Annalen,  83.  p.  US6. 
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investigators  observed  such  a  substance.  Gladstone1  found  carvone  in 
spearmint  oil.  With  sulphuretted  hydrogen  he  obtained  a  solid  com- 
pound which  upon  treatment  with  alkalies  yielded  an  oil  of  the  com- 
position CiuHnO.  This  turned  the  plane  of  polarized  light  as  far  to 
the  left  as  dill  carvone  turned  it  to  the  right.  Gladstone  gave  to  this 
substance  the  inappropriate  name  of  menthol, 

From  German  spearmint  oil  FHickiger8  in  1675  obtained  1-carvone 
of  low  rotatory  power.  Beyer,*  on  the  other  hand,  found  in  1888 
that  the  angle  of  rotation  of  the  carvone  of  the  German  oil  is  as  great 
as  that  of  carvone  from  dill  and  caraway  oils.  The  amount  of  carvone 
in  spearmint  oil  was  determined  by  Schreiner  and  Kremers*  as  56  p.  c. 
According  to  Trimble6  spearmint  oil  contains  a  terpene  boiling  at 
160—167.5°,  according  to  Beyer  a  laevogyrate  hydrocarbon  boiling  at 
168—171°.  Briihl8  concludes  from  the  statements  of  Gladstone  that 
d-pinene  is  present.  According  to  Oilman T  the  oil  contains  1-limonene 
and  probably  1-pinene.  To  which  constituent  the  oil  owes  its  char- 
acteristic odor  is  not  yet  known. 

Russian  spearmint  oil  is  reported  to  be  distilled  in  large  quantities 
but  it  is  principally  consumed  in  Bussia.  It  differs  from  the  American 
and  German  oils  by  its  stale  odor  reminding  but  slightly  of  spearmint. 
Specific  gravity  and  optical  rotation  are  much  lower  than  of  the  first 
two  varieties,  viz.,  0.8838—0.885;  aD  =  — 23°12'  at  17°.  Theoil  under 
examination  gave  a  clear  solution  with  2  parts  of  70  p.  c.  alcohol  and 
had  a  saponification  number  of  25.9.  It  was  shown  to  consist  of 
50—60  p.  c.  of  1-linalool."  Fraction  196—200°,  with  «D  =  — 17°37' 
at  17°,  upon  oxidation  yielded  eitral  (citryl-  j-naphtho  cinchoninic  acid, 
m.  p.  197°).  Fraction  170—175°  (aD  =  —  24°54'),  which  constituted 
about  20  p.  c.  of  the  oil,  yielded  the  iodole  reaction  (iodole-cineol, 
m.  p.  113°)  for  cineol ;  and  also  yielded  a  nitrosochloride  melting  at  100°, 
thus  indicating  the  presence  of  1-limonene.  The  highest  fraction  yielded 
carvone  hydrosulphide  melting  at  210—211°  ([a]D  = — 36°0',  at  17° 
and  in  5  p.  c.  chloroform  solution).  The  amount  of  1-carvone  in  Russian 
spearmint  oil  is  estimated  at  5—10  p.  c. 

The  difference  between  American  and  German  spearmint  oil  on  the 

i)  Jonrn.    Chem.    Sue,     23,    p.    1;  ')  Proc  Wl«.  Pharm.  Assoc,  1898,  p.  GS. 

J&hreeb.  I.  Chem.,  1873.  p.  816.  There   also  Brains  to  be  an  alcohol   Ci0H1(0 

')  Berichte,  9,  p.  47a.  present  lis  Indicated  by  the  CaClj  compound 

*)  Arehlv  d.  Pharm.,  391,  p.  288.  and   analysta  of  the  regenerated  oil.     Unpnb- 

i)  Pharm.  Review.  14,  p.  344.  Ilebed  result*  of  L.  Sumner.    E.   K. 

•)  Am.  Jonrn.  Pharm.,  ST,  p.  484.  «>  Berlcbt  von  B.  &  Co.,  Apr.  1889,  p.  38. 

«)  Berlchte,  21,  p.  1»6.  ')  Berteht  von  8.  *  Co.,  Apr.  1898,  p   98 
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one  hand,  and  Russian  oil  on  the  other,  lies  principally  in  the  linalool 
content  of  the  latter  accompanied  by  a  email  percentage  of  carvone. 

Examination.  For  the  detection  of  adulterations  Kremers  and 
Schreiner •  suggest  the  carvone  assay  of  the  oil  according  to  the  method 
previously  described.2  As  principal  adulterants  cedarwood  and  gurjuti 
balsam  oils  are  taken  into  consideration.  Both  of  them  have  about 
the  same  specific  gravity  as  spearmint  oil;  both  are  also  laevogyrate. 
Individually  these  oils  can  be  added  to  the  extent  of  10—15  p.  c- com- 
bined however  in  much  larger  quantity  before,  being  detected  by  the 
■determination  of  physical  constants.  To  determine  the  carvone  conteut 
of  oils  thus  adulterated  is  not  feasable  because  the  boiling  points  of 
carvone  and  the  sesquiterpenes  are  too  close  together.  The  ox  hue 
method  alluded  to  above  also  yields  results  that  are  too  low.  This  is 
attributed  to  the  circumstance  that  the  sesquiterpenes  when  distilled 
with  water  vapor  carry  some  of  the  carvoxime  over  and  retain  it  ill 
solution. 

Qualitatively  the  presence  of  the  two  adulterants  can  be  ascertains! 
by  Wallach's  sesquiterpene  reaction  (p.  124).  The  test  is  made  witli 
the  oily  distillate  obtained  in  the  carvone  assay. 

374.    Oil  of  Water-mint. 
The    dry    herb   of    Mentha   aquation,    L.    yielded    upon    distillation 
0.34  p.  c.  of  volatile  oil  of  a  yellowish -green  color  and  penny  royal-lib 
odor.a    8p.  gr.  0.880;  «D  =  — 2°14'. 

375.    Oil  of  Mentha  Arvenais. 

From  the  dry  herb  of  Mentha  arvensis  L.  0.22  p.  c.  of  oil  wan 
obtained.    Sp.gr.  0.857;  «d  —  —  2° 44'. 

376.    Oil  of  Wild  Mint. 

Mentha  canadensis  L.,  which  grows  wild  in  North  America,  yielded 
upon  distillation  an  oil  of  reddish-yellow  color  the  odor  of  which 
reminded  of  pennyroyal.  The  yield  from  the  dry  herb  was  1.23  p.  c* 
Sp.gr.  0.943  at  15°,*  0.927— 0.935  at  20° ;  >  aD  =  +  l6°ll'tO  +20° 32'. 
It  forms  a  clear  solution  with  twice  its  volume  of  70  p.  c.  alcohol* 

According  to  Gage,8  the  oil  contains  pulegone,  the  presence  of 
which  was  determined  by  means  of  the  bisnitroso  compound  suggested 

<)  Pharin.  Review,  14,  p.  344. 

>l  See  under  caraway  oil  p.  354. 
»)  Berlcbt  von  8.  &  Co..  Oct.  188S,  p 
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by  Baeyer.  The  melting  point  of  the  compound,  not  mentioned  by 
Baeyer,  is  81.5°.  Besides  pulegone,  tliis  oil  contains  small  amounts  of 
thymol  or  carvacrol. 

377.    Oil  of  European  Pennyroyal. 
Oleum  Wenthae  Poleglt.— PaleHH.—  Essea.ee  de  Pouliot. 

Origin  and  History.  European  pennyroyal  (Ger.  Polei)  is  derived 
from  Mentha  puteglutn  L.  (Pulegium  vuigare  Mill.)  or  its  hybrid 
varieties,  and  has  been  used  medicinally  since  the  middle  ages  and 
possibly  earlier.  The  distilled  Oleum  pulegii  is  mentioned  in  the  price 
ordinance  of  Frankfurt  for  1582  and  appears  to  have  been  used 
medicinally  like  the  plant  and  its  distilled  water  in  the  sixteenth  and 
seventeenth  centuries. 

The  commercial  European  oil  of  pennyroyal  is  distilled  in  Spain. 
southern  France  and  Algiers  from  the  fresh  herb.  The  Spanish  oil  is 
favored  on  account  of  its  greater  purity,  whereas  the  oil  from  the  two 
other  countries  is  less  reliable  on  account  of  being  frequently  adulterated. 

Properties.  European  pennyroyal  oil  is  of  a  yellowish  or  reddish- 
yellow  color  and  of  a  strong,  aromatic,  minty  odor.  Sp.  gr.  0.930— 
0.960;  «d  =  +17°  to  +23°.  It  forms  a  clear  solution  with  2  and 
more  parts  of  TO  p.  n.  alcohol.  Inasmuch  as  the  addition  of  turpentine 
oil  renders  the  oil  less  soluble,  this  test  is  a  valuable  one.  Turpentine 
oil  also  lowers  the  boiling  temperature  and  the  specific  gravity. 

Composition.  European  pennyroyal  oil  has  a  boiling  temperature  . 
of  limited  range.  Up  to  212°  about  5  p.  c.  pass  over;  the  bulk  of  the 
oil,  abt.  80  p.  c,  distills  over  between  212—216°  and  consists  of  a 
ketone,  CioHioO,  named  pulegone  by  Beckmann  and  Pleissner.1  The 
properties  and  derivatives  of  this  compound,  which  boils  at  221—222° 
when  pure,  are  described  on  p.  169. 

The  oil  examined  by  Kane3  in  1839  cannot  have  been  a  pure  oil, 
neither  can  the  Traction  188—183°,  the  composition  of  which  agreed 
with  either  oT  the  formulas  CioHjeO  or  CioHisO,  have  consisted  of 
pulegone. 

Russian  Pennyroyal  Oil. 

The  only  reference  concerning  this  oil  is  by  Butlerow8  in  1854. 
According  to  him  it  is  distilled  from  the  herb  of  Palegiam  micranthum 
Claus,   growing   on  the  steppes   of  southern    Russia,    especially    near 

1)  Llebls'i  Annalen,  2S2,  p.  1. 

*)  Lleblg'a  Aooalen,  82.  p.  386;  Journal  I.  prakt.  Chem.,  IS.  p.  ISO. 

')  Jahrcah.  f.  Chemle.  1S54,  p.  594. 
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Sarepta  and  Astrakhan.  Sp.  gr.  0.934.  It  begins  to  boil  at  202°,  the 
bulk  coming  over  at  227°.  It  haa  the  composition  CioHi«0  and  pre- 
sumably consists  principally  of  pulegone. 

378.    Oil  of  Patchomly, 

Oleum  Follorum  Patchouli.  —  Patchouli 61.  —  Ensence  de  Patchouli. 

Origin  and  Preparation.  Genuine  patchouly,  Pogoatemoit  patchouli 
Pellet.  iB  cultivated  principally  in  the  Straits  Settlements,  in  Penang, 
also  in  the  province  Wellesley.  It  is  either  directly  distilled  or  dried 
and  brought  into  commerce  from  Singapore.  Comparatively  little  herb 
is  produced  on  Mauritius  and  Reunion.1  Attempts  to  cultivate  it  have 
been  made  in  Paraguay,9  also  on  the  West  Indian  islands  Dominica, 
Guadeloupe  and  Martinique.  No  appreciable  amounts,  however,  seem 
to  be  produced.  Formerly  a  considerable  amount  of  the  drug  was  also 
supplied  by  Java,  but  in  recent  years  this  source  of  supply  has  given 
out  entirely.  The  botanical  origin  of  the  plant  from  Java  is  not  yet 
known.8 

The  drug  shipped  from  Calcutta  and  Bombay  is  of  poor  quality, 
containing  a  large  amount  of  stems  and  yielding  an  inferior  distillate.4 
The  herb  cultivated  in  Assam-  (Silhet  and  Khasia  mountains)  is  obtained 
from  Microtaena  cymosa  Prain8  (Plectmnthus  patchouli  Clarke)  and 
probably  enters  commerce  via  Calcutta.  This  would  explain  the  difference 
of  this  commercial  variety.  Whether  the  herb  exported  from  Bombay 
is  derived  from  Pogoatamon  patchouli  is  not  known. 

Concerning  the  cultivation  and  the  distillation  J.  Fisher  of  Singa- 
pore makes  the  following  report  :6 

"The  variety  selected  for  cultivation  is  known  locallj  as  Dhelam  Wttugi, 
which  was  originally  obtained  from  a  small  island  south  of  Penang.  called 
Khio  (probably  one  of  the  Dindings).  The  soil  most  suitable  is  a  rather  stiff 
clay,  containing  only  a  small  percentage  of  silica.  Land  of  this  description  is 
found  near  the  coast  (containing  traces  of  marine  deposits),  and  is  planted  in 
rows  of  4  or  5  feet  apart.  The  plants  are  propagated  by  cuttiugs  struck  in 
the  open  air.  which,  until  rooted,  are  sheltered  from  the  sun  by  pieces  of  COCoa- 
nnt  shell.  The  harvest  la  made  in  dry  weather,  and  when  the  sun  has  drawn 
up  the  dew  from  the  leaves ;  the  tops  and  green  parte  of  the  plant  are  taken 
off,  rejecting  all  yellow  and  decayed  leaves,  and  as  much  as  possible  the  woody 
stems.  The  selected  parts  are  then  dried  in  the  shade,  under  large  shedB  (as 
the  sun  would  draw  ont  the  perfume),  aud  to  ensure  evenness  in  drying  they 
are  spread   on  bamboo  racks,   allowing   the  air  to  penetrate  from  beneath. 

1)  Rerlcht  von  S.  A  Co.,  Oct.  1800,  p.  88. 
i)  berlcbi  vou  S.  *  Co..  Oct.  1887,  p.  34. 
•)  Pharm.  Journ.,  56,  p.  222. 
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During  this  process  they  are  frequently  turned  over,  and  wheu  no  far  dried  as 
to  leave  just  sufficient  moisture  to  permit  of  a  slight  fermentation  they  are 
piled  id  heaps  and  allowed  to  heat  gently;1  after  this  they  are  again  spread 
out  and  dried  —  but  not  t»  absolute  dryness  — and  are  immediately  distilled. 
The  addition  of  about  25  p.  c.  of  the  wild  herb  llhelum  Out/to  is  said  to 
increase  the  fragrance  of  the  distillate.  The  distillation  is  effected  by  pausing 
steam,  generated  in  a  boiler  apart,  through  the  leaves  in  the  stills.  The 
pressure  of  Steam  is  not  allowed  to  rise  above  20  lbs.,  tbe  yield  under  these 
conditions  being  about  Si  ox.  per  pound  of  leaves;  by  high-pressure  steam  the 
yield  would  be  a  little  increased,  but  rank  in  quality.  The  stills  are  sometimes 
jacketed,  and,  by  passing  a  separate  current  of  steam  into  the  jacket  conden- 
sation in  tbe  body  ol  the  still  at  the  commencement  of  the  operation  is- avoided."* 

The  bulk,  however,  of  patchouly  oil,  which  is  used  exclusively  tor 
perfumery,  is  probably  distilled  in  Europe.  With  the  perfect  equipment 
there  in  use,  the  yield  Is  as  high  as  4  p.  c. 

Tbe  purchase  of  patchouly  herb  requires  considerable  care  inasmuch 
as  it  is  frequently  adulterated.  The  most  common  adulterant  is  the 
leaves  of  Ociraum  basilicum  L.  vaj.  pilosnm  (Family  Labiatae)  known 
as  Raku  by  the  Malays.  The  peculiar  odor  of  these  is  lost  entirely  in 
the  presence  of  patchouly  leaves.  Frequently  the  leaves  of  Ureita 
lubnta  L.  var.  sinuata  (Family  Malvaceae)  are  also  found,  which  are 
called  Perpulut  by  the  Malays.  It  is  a  weed  common  in  cocoanut 
plantations.  Other  adulterants  are  the  leaves  of  Plectrantbus  fructi- 
cosus,  of  Lavatera  i tibia  and  of  Pavonia  weldenii  (Paschkis8).  In 
addition  to  these  foreign  herbs,  which  sometimes  make  up  80  p.  c.  of 
the  bales,  as  much  as  50  p.  c.  of  sand  and  earth  and  up  to  35  p.  c.  of 
moisture  have  recently  been  found. 

Pbopbbties.  Patchouly  oil  is  a  yellowish  or  greenish-ibrown  to 
dark  brown  liquid  from  which  crystals  occasionally  separate  upon 
standing.  The  odor  of  the  oil  is  exceedingly  intensive  and  persistent. 
Sp.  gr.  of  pure  oils  distilled  in  Europe  varies  from  0.070  to  0.995; 
od  varies  from  —  50  to  —  68°.  The  oil  renders  a  clear  solution  with 
equal  parts  of  90  p.  c.  alcohol  which  as  a  rule  remains  clear  upon  the 
addition  of  more  alcohol.  Occasionally,  however,  the  solution  becomes 
turbid  upon  the  addition  of  2  volumes,  but  this  turbidity  disappears 
when  as  much  as  4 — 5  volumes  have  been  added. 

oil  la  form  oil  daring  this  process  ol  fermentation. 

i)  Further  IntereetlnK  communications  concerning  the  cultivation  and  dletlll&tton 
ol  patchouli  on  the  Malanan  peninsula  from  the  pen  ol  Wraj,  curhtor  ol  the  govern- 
ment museum  at  Perak,  are  to  be  found  In  the  Ke«-  Bulletin  lor  June  1880  and  are 
reproduced  In  the  detailed  account  In  Kawer'a  Odorographla,  vol.  1,  pp.  398—808. 

■)  Zcltacfar.  des  oat.  Apt.  Ver.,  IT,  p.  413;   Pharm.  Jonro.,  Ill,  11,  p.  818. 
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Of  the  imported  oils  many  possess  the  same  properties,  some,  how- 
ever, differ  materially.  Of  a  number  of  oils  imported  from  Singapore 
the  sp.  gr.  lies  between  0.957  and  0.965 ;  ud  varied  from  —44  to  — 50c. 
These  oils  were  soluble  in  not  less  then  3  or  7  volumes  of  90  p.  c. 
alcohol.  Whether  these  were  adulterated  or  not  cannot  be  determined 
at  present.  They  must,  however,  be  regarded  as  suspicious,  for  by  the 
addition  of  cedar  wood  oil  or  cubeb  oil  to  patchouly  oil  distilled  in 
Europe,  oils  of  the  just  enumerated  properties  were  obtained. 

Composition.  Concerning  the  substances  that  produce  the  character- 
istic odor  of  patchouly  oil  nothing  whatever  is  known.  Thus  Tar.  but 
two  constituents,  which  are  inessential  as  far  as  the  odor  is  concerned, 
have  been  isolated,  namely  patchouly  alcohol  and  cadinene. 

The  patchouly  alcohol,  formerly  known  as  patchouly  camphor, 
occasionally  separates  upon  prolonged  standing  and  therefore,  first 
attracted  the  attention  of  chemists.  Gal '  in  1 869  proposed  the  formula 
CmHagO,  Montgolfier*  in  1877,  CmHaeO.  The  latest  investigation  is 
by  Wallach8  (1894)  who  introduced  the  more  rational  term  patchouly 
alcohol. 

Patchouly  alcohol,  CieHaaO,  crystallizes  in  transparent,  colorless, 
hexagonal  prisms  which  end  in  six-sided  pyramids  and  melt  at  56°.  It 
is  strongly  laevogyrate,  [«]d= — 118°.s  The  elements  of  water  are  so 
loosely  bound  that  even  weak  dehydrating  agents  such  as  hydrochloric 
acid,  sulphuric  acid  and  acetic  acid  anhydride  in  the  cold,  or  acetic 
acid,  potassium  acid  sulphate  or  zinc  chloride  with  the  aid  of  heat,  form 
the  hydrocarbon  CisHa*.  This  patchoulene  boils  at  254—256°,  has  a 
sp.  gr.  0.939  at  23°  and  has  a  cedar-like  odor.  By  the  exchange  of 
halogen  for  the  hydroxy  group  of  the  patchouly  alcohol  very  unstable 
halides  result  which  at  once  lose  the  elements  of  hydrogen  halide.  The 
entire  behavior  of  patchouly  alcohol  seems  to  indicate  that  it  is  a 
tertiary  alcohol  (Wallach). 

In  fraction  270°  Gladstone4  found  a  sesquiterpene  similar  to  that 
obtained  from  oil  of  cubeb.  In  the  highest  fraction  he  found  a  portion 
the  vapors  of  which  were  blue,  the  so-called  azulene  or  coeruleine  which 
also  occurs  in  other  oils.  According  to  Wallach,6  the  oil  is  rich  in 
cadinene,  CisHK*.  the  hydrochloride  of  which  melted  at  117—118°. 

i)  Comnt.  rend..  88.  p.  40R;  IJeblR'a  Anaalen.  100,  p.  S74. 

»)  Compt.  rend.',  84,  p.  88. 

•  >  Lleblg'ft  Annalen.  27B.  p.  394. 

*)  Journ.  Chem.  Roe.,  IT,  p.  8:    Jabreab.  f.  Chetnle.  1968.  p.  545. 

■  )  Ueblg'a  Annalea,  238,  p.  81. 
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379.    Oil  of  Dilem. 

Aa  Dilem  tlie  Malays  designate  a  number  or  plants  with  pate li only 
odor.  The  leaves  from  Java  distilled  by  Bchimmel  &  Co.1  were  identical 
with  the  "flowering  patchouly  herb"  of  the  botanical  garden  at  Buiten- 
zorg  and,  according  to  Holmes,*  are  derived  from  Pogoetemoa  como- 
bus  Miq. 

These  dilem  leaves  upon  distillation  yielded  1  p.  c.  of  oil,  the  odor 
of  which  resembled  that  of  patchouly  oil,  but  wan  much  finer.  It  is 
yellowish-green,  rather  viscid,  sp.  gr.  0.960,  and  boils  between  251)— 8WrV 

Upon  distillation  of  the  flowering  patchouly  leaves  acetone  was 
observed.8  An  oil  distilled  in  Buitenzorg  had  a  green  color  and  an 
odor  similar  to  that  of  patchouly,  the  intensity  of  which  was  agreeably 
subdued  by  an  anise-like  by-odor.    Sp.  gr.  0.961;  «u  =— 32°17'.* 

380.    Oil  of  Sweet  Basil. 

Oleum  Basilic).  —  BasHlcnm&l.  —  Essence  de  Basilic. 

History.  Oil  qf  sweet  basil  appears  to  have  been  in  use  during  the 
middle  of  the  sixteenth  century.  It  is  enumerated  among  the  oils  of 
the  Frankfurt  price  ordinance  for  1582  and  in  the  Dispensatorium 
Noricum  of  1589.  The  distilled  water  was  used  as  early  as  the  fifteenth 
century, 

Origin.  Oil  of  sweet  basil  is  distilled  in  southern  France  and  Spain, 
occasionally  also  in  Germany  from  the  fresh  herb  of  Ocimum  basil* 
cum  L.  The  yield  from  the  German  herb  is  only  0.02—0.04  p.  c.  On 
Reunion  also  oil  of  sweet  basil  is  distilled.  The  differences  in  properties 
and  composition  of  this  oil,  however,  render  it  probable  that  some 
other  species  or  variety  of  Ocimum  is  used. 

Properties.  French  and  German  oil  of  sweet  basil  are  yellowish, 
of  an  aromatic,  penetrating  odor  reminding  of  estragon.  The  sp.  gr. 
varies  from  0.905— 0.980 ;  «D  from  —  6  to  —  22°.  It  is  soluble  in  1—2 
parts  of  80  p.  c.  alcohol.  The  Reunion  oil  differs  from  the  French  in 
having  a  camphor-like  by-odor,  also  a  higher  sp.  gr.,  viz.  0.945  to  0.987. 
Whereas  the  French  and  German  oils  are  laevogyrate,  the  Reunion  oil 
is  dextrogyrate,  od  =  +  7°  to  +  12°.  The  Reunion  oil  as  a  rule  is 
soluble  in  7  or  more  parts  of  80  p.  c.  alcohol.  In  some  instances  3  parts 
will  suffice  to  produce  a  clear  solution. 

')  Berlcht  roo  S.  A  Cu.,  Oct.  18H8.  p.  42. 

>)  Pharm.  Journ..  ISO,  p.  228. 

i>  Veiling  omtrent  ilea  Stant  van  n'l-anda    Piantrntuln   tv  Bultemorft.  1804.  p.  48. 

*)  Ibidem,  18U8,  p.  S6. 
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Composition.  Bonastre1  in  1831  found  in  oil  of  sweet  basil  a  solid 
constituent,  the  so-called  basilicum  camphor.  An  analysis  made  by 
Dumas  and  Peligot*  in  1885  agreed  with  the  formula  CioHaaOs,  i-  e- 
with  terpin  hydrate.  In  all  probability  this  substance  was  formed  by 
the  addition  of  water  to  pinene  or  linalool.  The  French  oil  was  ex- 
amined more  recently  (1897)  by  Dupont  and  Guerlain"  who  fouDd  as 
principal  constituents  methyl  chavicol  and  linalool. 

Of  similar  composition  is  the  German  oil  as  shown  by  Bertram  and 
Walbaum*  (1897).  The  lowest  boiling  fraction  contains  cineol6  (cineol 
iodole,  m.  p.  112°).  Fraction  215°  contains  methyl  chavicol  (homo- 
anisic  acid,  in.  p.  85°).  Judging  from  the  methoxy  determination,  the 
oil  contains  24  p.  c.  of  this  compound.  Fraction  200°  was  of  an 
alcoholic  nature  and  probably  contains  linalool  which  was  Found  in  the 
French  oil.    Neither  the  German  nor  the  French  oil  contains  camphor. 

In  the  Reunion  oil  Bertram  and  Walbaum  found :  1)  d-pinene  (pinene 
nitrol  benzyl  a  mine,  m.  p.  123°) ;  2)  cineol  (hydro  brom  cineol,  iodole 
cineol,  m.  p.  112°);  X)  d-camphor  (camphor  oxime,  m.  p.  118°1: 
4)  methyl  chavicol,  which  constitutes  the  bulk  of  the  oil.  It  was 
identified  by  means  of  its  oxidation  to  homoamsie  acid  and  anisic  acid, 
also  by  inversion  into  its  isomer  anethol.  Judging  from  a  methoxy 
determination  according  to  Zeisel's  method,  the  Reunion  oil  contains 
67.8  p.  c.  of  methyl  chavicol.    Linalool  was  not  contained  in  this  oil. 

From  a  small  sample  of  Reunion  oil  Dupont  and  Guerlain  obtained 
a  crystalline  substance,  m.  p.  64 — 65°,  the  amount  of  which  was  too 
sm all  for  investigation. 

The  oil  from  a  large  leaved  variety  of  0.  b&aiikum  known  to  the 
natives  as  Selasih  Mekafi,  contained  30 — 10  p.  c.  of  eugenol." 

381.    Oil  of  Mosla  Japonlca. 

According  to  Shimoyama7  (1892),  Moslu  japonica  Maxim,  which 
is  indigenous  to  Japan  yields,  when  dry,  2.13  p.  c.  of  a  reddish-brown, 
laevogyrate  oil,  the  specific  gravity  of  which  is  0.820  (?).  It  contains 
44  p.  c.  of  thymol  and  a  fraction  170—180°,  probably  cymene. 

i)  Jonm.  de  Pharm..  II,  IT,  p.  647. 

•  )  Llebig'B  Annalen,  14,  p.  70. 

•  )  Corapt  rend.,  134,  p.  800;  Bull.  Soe.  chlm..  Ill,  19,  p.  1.11. 
*)  Archlv  d.  Pharm.,  285.  p.  178. 

<)  The  presence  or  cineol  In  oil  of  sweet  basil  wu  previously  demonstrated  by 
Hlrschsohn  In  1S9S  by  means  of  the  Iodole  reaction  ( Hh  arm.  Eel  tech  r.  f.  Russl,.  82,  p.  4191. 

fl)  Annual  report  of  the  botanical  garden  at  Bultensorg,  1898,  p.  38;  Bericht  con 
8.  A  Co.,  Apr.  1900,  p.  S. 

"i  Apt.  Ztg.,  7,  p.  489 ;  Jahresb.  t.  Pharm.,  lay 2,  p.  465,  where  the  plant  Is  Darned 
Moeula,  whereas  Hartwlg  (Die  neuen  Anneldrogen  aim  dem  Plfamenrelche.  p.  330) 
designates  It  Mo  rata. 
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382.    Oil  of  Dittany. 

The  dry  herb  of  the  North  American  Cunila  mariana  L.  yields 
0.7  p.  e.  of  a  reddish-yellow  oil,  ap.  gr.  0.915,  the  odor  oF  which 
resembles  oil  of  thyme.  A  preliminary  investigation  shows  it  to  contain 
40  p.  c.  of  phenol,  probably  thymol.1 

383.    OH  of  Lophantns. 

The  oil  of  L->phantua  aniaatua  Forst.  has  a  pure,  pleasant  anise 
odor,  reminding  somewhat  of  the  honey-like  odor  of  Solidago  odora  Ait. 
Sp.  gr.  0.943  at  20°;  «D  =  -7°10'." 

384.    OH  of  Pycnanthemnin  Lanceolatnm. 

The  odor  of  the  oil  distilled  from  the  herb  of  Pycnanthemum  Ian- 
eeol&tum  Pursh"  is  scarcely  to  be  distinguished  from  that  of  American 
pennyroyal  oil.  Sp.  gr.  0.918*— 0.936B  at  15°;  0.914—0.935  at  20°; 
aD  =—0.566°  to  +11.083°.* 

According  to  Correll"  it  contains  7—9  p.  c.  of  carvacrol  (carvacrol 
sulphonic  acid,  m.  p.  56—57°,  dicarvacrol,  m.  p.  145—147°).  The  oil 
deprived  of  phenol  distills  between  180—230°.  The  analysis  of  fraction 
220—230°  (sp.  gr.  0.922  at  20°,  [«]d  =  +  14.88°)  corresponded  with 
the  formula  CioHwO  and  indicated  the  presence  of  pulegone.  Its  identity 
with  pulegone  was  established  by  Alden8  by  means  of  the  pulegone 
oxime  hydrate  melting  at  151°.  The  molten  oxime,  after  having  been 
allowed  to  cool,  then  melt™]  at  117—118°.  The  melting  point  of  the 
pulegone  oxiine  hydrate  of  Beckmann  and  Pleissner  melts  at  156 — 157°, 
that  of  the  normal  oxime  of  Wallach  at  118°. 

3SS.    OH  of  Pycnanthemum  Incannm. 
The  dried   herb   of  the  North   American    labiate,    Pycnanthemnm 
incanum  Michx.  yields  0.98  p.  c.  of  a  reddish-yellow  oil7  with  a  strongly 
aromatic  odor,  sp.  gr.  0.935.    It  produces  a  clear  solution  with  twice 
its  volume  of  70  p.  c.  alcohol. 

1)  Berlcht  von  S.  A  Co..  Oct.  1898.  p.  41:  romp,  alao  HlUemann,  Am.  Journ. 
Pbarm.,  88,  p.  496. 

»)  Berlcht  von  S.  &  Co..  Apr.  1898.  p.  S8. 

■  1  P,vciiuiiChemaia  lancrwlitam  and  P.rcntathtaiatn  llallbltam  were  Formerly  regarded 
bh  one  specie*  and  detcrlbed  a*  Thymus  rlrglnleua  L. 

*)  Amur,  Journ.  Pharra..  SO.  p.  SS. 

»)  Pharm.  Review,  14.  p.  83. 

*)  I'liarm.  Review,  16,  p.  414. 

T|   Barlcht  ron  S.  &  Co..  Oct.  18it8,  p.  4!i. 
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386.    Oil  at  Fabiana  Imbrlcata. 

Knnz-Krause J  obtained  from  the  ethereal  extract  of  the  leaves  of 
Fubiana.  hiibricata  Ruiz  et  Pavon,  by  steam  distillation  and  shaking 
out  the  distillate  with  ether,  a  small  amount  of  volatile  oil.  Upon 
distillation  a  small  fraction  came  over  at  130°,  the  principal  fraction 
boiling  at  275°.  Upon  analysis  this  fraction  had  the  composition 
(.V.4H00O4  and  was  failed  fabianol. 

387.    Oil  of  Cblone  Glabra. 

Origin.  On  account  of  the  aromatic  odor  of  its  flowers,  Chione  glabra,, 
a  tree  belonging  to  the  Rnbiaceae,  is  known  as  Violette  on  the  West 
Indian  island  Grenada.  On  Porto  Rico  it  is  known  as  Palo  bianco. 
The  wood  and  the  bark  possess  an  unpleasant,  faecal  odor  which 
gradually  disappears  when  exposed  to  the  air. 

Preparation  and  Properties.  Distilled  with  water  vapor  the  bark, 
according  to  Paul  and  Cownly2  yields  1.5  p.  c.  of  a  light  yellow  oil 
which  is  heavier  than  water  and  which,  when  cooled  to  — 20°,  congeals 
to  a  mass  of  acicular  crystals.  This  oil,  which  possesses  to  a  remarkable 
degree  the  odor  of  the  bark,  has  been  examined  by  Duostan  and  Henry.8 
Its  consists  principally  of  a  liquid  which  congeals  at  low  temperatures, 
boils  at  160°  under  34  mm-  pressure,  has  a  sp.  gr.  of  0.850  at  15°  and 
the  composition  C§Hs0a.  Its  odor  is  aromatic  and  slightly  faecal. 
With  acetic  acid  anhydride  it  yields  an  acetic  ester  melting  at  88°. 
With  hydrosylamine  and  phenyl  hydrazine  it  yields  derivatives  indicating 
the  presence  of  a  carbonyl  group.  The  oxime  melts  at  112°,  the  phenyl 
hydrazone  at  108°.  When  fused  with  potassa,  salicylic  acid  and  then 
phenol  are  obtained,  while  nitric  acid  produces  picric  acid.  These 
reactions  reveal  the  substance  to  be  o-hydoxy  aceto  phenone,  C4H4.OH. 
C0.CHa=l:2.  Asa  matter  of  fact  the  properties  of  this  substance  agree 
with  those  of  the  artificial  compound  prepared  in  a  round-about  manner 
from  o-nitro  cinnamic  acid. 

In  addition  to  o-hydoxy  aceto  phenone,  the  oil  contains  a  crystalline 
substance  that  melts  at  82°  and  which  possibly  is  an  alky]  derivative 
of  the  phenol.  On  account  of  the  small  amount  it  could  not  be  further 
examined.  The  oil  also  contains  traces  of  nitrogenous  compounds,  but 
neither  indole  nor  its  derivatives,  the  presence  of  which  are  indicated  by 
the  odor,  could  be  obtained. 

1.  10.  »)  Jnurn.  Chora    Soc.  70,  p.  SO. 
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388.    Oil  of  Elder  Blossoms. 

The  oil  from  the  flowers  of  Samhucus  nigra  L.  (Family  Caprifoliaceae) 
has  been  prepared  from  the  fresh  an  well  as  the  dried  material.1  It  was 
usually  obtained  by  saturating  the  aqueous  distillate  with  salt,  shaking 
out  with  ether,  and  allowing  the  ether  to  evaporate  spontaneously.  In 
this  way  Pagenstecher  obtained  0.32  p.  c.  of  oil.  Schimmel  &  Co.  obtained 
without  the  use  of  ether  0.037  p.  c.  from  the  fresh  flowers,  and  0.0027 
p.  c.  from  the  dried  ones. 

At  ordinary  temperature,  elder  blossom  oil  as  a  rule  is  a  butyraceous 
or  wax-like  mass  of  light  yellow  or  greenish-yellow  color.  It  has  an 
intensive  elder  blossom  odor  which  becomes  especially  prominent  in 
great  dilutions.    The  oil  is  occasionally  liquid  and  congeals  when  cooled. 

According  to  Gladstone2  (18641  the  oil  contains  a  terpene  CioHio 
and  a  crystalline  substance  which  is  difficultly  soluble  in  alcohol,  but 
not  in  alkalies  and  which  appears  to  be  a  paraffin. 

38S.    Oil  of  Valerian. 
Olenm  Valerianae.— Baldrlaaffl.— Essence  «"e  Valerlane. 

Origin  and  History.  Valeriana  officinalis  L.  and  several  of  its 
varieties  are  found  wild  atid  cultivated  in  most  of  the  temperate 
and  more  northern  countries  of  Europe  and  Asia.  The  peculiar 
oil  contained  in  the  roots,  presumably  has  early  attracted  attention 
and  brought  about  its  medicinal  use.  For  commercial  purposes  and 
for  distillation,  the  plant  is  recently  cultivated  in  Germany  (Thuringia), 
in  France  (IWp.  du  Nord),  Holland.  England  and  North  America. 

The  treatises  on  distillation  of  the  sixteenth  century  contain 
directions  for  preparing  distillates  of  valerian  with  wine  or  water.  The 
distilled  oil  was  obtained  by  Hoffmann,  Boerhaave  and  Geoff roy,  in 
part  from  the  dry,  in  part,  from  the  fresh  root.  Later  Graberg  (1782) 
described  the  oil,  and  Trommsdorff  investigated  the  root  in  1808.  In 
1830  he  named  the  acid  obtained  from  the  aqueous  distillate  valerianic 
acid. 

Preparation.  For  purposes  o\  distillation  the  dried  root  and  more 
rarely  the  fresh  root  is  employed.  While  Trommsdorff  claims  that  the 
dried  root  yields  relatively  more  oil.  Zeller  is  of  the  opinion  that  the 
fresh  or  dry  state  has  no  appreciable  effect  on  the  yield.    From  dried 

i)  Ellapnn.  TromnmlorH'8  Neuei 
Centralbl.,  18H7,  p.  781:  Repert.  i 
Pharm..  95  (1H*«),  p.  IBS. 

i)  Journ.  Chem.  Hoc,  17,  p.  1:  Jahreeb.  1.  Cbera.,  1868,  p.  34.5. 
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Thuringian  root,  Schimmel  &  Co.  obtained  0.5 — 0.9  p.  c,  from  Doteh 
root  about  1  p.  c.  of  oil.  The  strongly  acid  aqueous  distillate  contains 
valerianic  acid  which  presumably  is  formed  from  the  bornyl  valerianate 
of  the  oil  during  the  process  of  distillation. 

Properties.  When  fully  distilled,  oil  of  valerian  is  a  yeDowish-gTeen 
to  brownish-yellow  liquid  which  is  slightly  acid,  and  possesses  a  pene- 
trating, characteristic,  not  unpleasant  odor.  Old  oil  is  dark  brown  and 
viscid.  It  Has  a  strongly  acid  reaction  and,  on  account  of  the  large 
amount  of  free  valerianic  acid  it  contains,  has  a  disagreeable  odor. 
The  stearoptene  which  occasionally  separates  from  old  oil  consists  of 
borneol. 

As  a  rule  the  sp.  gr.  varies  from  0.93  to  0.96.  Abnormally  light 
were  the  oils  of  Oliviero  mentioned  under  "Composition."  They  were 
distilled  from  the  fresh  roots  of  plants  growing  wild  in  the  Departemente 
Vosges  and  Ardennes.  Their  sp.  gr.  is  given  as  0.880—0.912  at  0°, 
corresponding  to  a  density  0.875 — 0.900  at  15°.  Oil  of  valerian  is 
laevogyrate,  ud  =— 8  to  —13°.  Acid  mimber=  20 — 50;  ester  number 
=  80—100;  saponification  number  =  100— 150. 

Composition.  Although  oil  of  valerian  has  beep  examined  repeatedly 
since  the  beginning  of  this  century,1  its  composition  has  become  known 
bat  comparatively  recently  through  the  investigations  of  Bruylants*  in 
1878  and  Oliviero8  in  1898. 

Of  the  constituents  valerianic  acid,  which  derives  its  name  from  the 
plant,  is  longest  known.  It  was  also  known  that -upon  oxidation  of  the 
oil  camphor  results. 

For  the  systematic  investigations  of  the  oil  the  esters  must  first  he 
saponified  bo  that  the  acids  which  otherwise  result  during  the  process 
of  fractionation  do  not  act  on  the  terpenes  and  terpene  alcohols.  The 
saponified  oil  begins  to  boil  at  155°  and  up  to'  160°  a  liquid  passes 
over  which  in  its  physical  properties  corresponds  to  1-pinene,  bot  which  ' 
consists  of  two  terpenes.  By  passing  dry  hydrogen  chloride  into  this 
fraction  a  solid  dextrogyrate  hydrochloride  results,  which  when 
boiled  with  potassium  acetate  is  in  part  decomposed  to  1-camphene. 
The  part  not   affected   consists   of  laevogyrate  pinene  hydrochloride. 

i)  Trommadorfr  (180H),  Tromrwlorfl's  Journ.  rt.  Pharm..  IS,  I.  p.  H;  Llebljr's  An- 
iialen,  ft  (1888),  p.  ITS,  and  in  (1884).  p.  318.—  KUIliiR  (1884),  Ibid.,  8.  40.— 
Gcrhardt  *  Cahoars  (1841),  Ann.  de  Cblm.  et  PhyB..  III.  1.  p.  80.  —  Rocbledar  (1849). 
I.leblK'B  Annalen,  44,  p.  1.  —  Gerhard t  (1848).  Ibid.,  4S,  p.  29,  and  Journ.  I.  pnkt. 
""      —  Harlot  (1846).  Aon.  de  Cblm.  at   Paya.,  Ill,   14.  p.  2»5. 

.  10»8;  Ball.  Soc  chlm.,  III.  11,  p.  150;  IS.  p.  HIT. 
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The  lowest  fraction,  therefore,  consists  of  1-camphene1  and  l-pinene. 
Oliviero  is  of  the  opinion  that  "citrene"  (?)  is  also  present,  but 
furnishes  no  positive  proof. 

When  that  portion  of  the  oil  which  distills  under  ordinary  pressure 
above  180°  is  distilled  under  reduced  pressure,  fraction  180 — 110°  under 
50  mm.  pressure  largely  solidifies  on  account  of  the  1-borneol  present. 
This  alcohol  is  present  In  the  oil  as  esters  of  formic,  acetic,  butyric  and 
valerianic  acids,  the  largest  part  being  combined  with  valerianic  acid. 
According  to  Gerock*  (1802),  the  oil  contains  about  9.5  p.  c.  of  valeri- 
anic acid  ester  and  1  p.  c.  each  of  the  esters  of  the  other  three  acids. 

Fraction  182—140°  (50  mm.)  probably  contains  terpineol,  which 
could  not  be  isolated  in  the  crystalline  state.  The  formation  of  dipen- 
tene  dihydrochloride.  however,  renders  its  presence  probable. 

Fraction  160 — 165°  (50  mm.)  contains  a  laevogyrate  sesquiterpene, 
CibHs«,  and  fraction  190°  a  substance  CibHjoO  which,  judging  from  its 
behavior  to  benzoic  acid  anhydride  and  hydrochloric  acid,  is  an  alcohol. 

From  the  water  obtained  in  washing  the  oil  after  saponification, 
Oliviero  obtained  a  crystalline  alcohol  of  the  formula  CioHenOa.  It  is 
strongly  laevogyrate  and  melts  at  182°.  According  to  Fluckiger,8  the 
highest  fractions  (300°)  are  blue  in  color. 

Basing  his  claims  merely  on  an  elementary  analysis,  Bruylants* 
supposes  fraction  285—290"  to  contain  bomyl  ether  or  bornyl  oxide 
CioHiT.O.CiuHiTr  an  assertion  still  wanting  proof. 

Mexican  Oil  of  Valerian. 
A  Mexican  valerian  root,  probably  derived  from  Valeriana  mexirana 
D.  C.  was  distilled  by  Schimmel  &  Co.5  The  distillation  yielded  only  a 
clear  water  from  which  no  oil  separated.  Only  after  cohobation  of  the 
aqueous  distillate  an  oily  liquid  with  disagreeable  odor  and  sp.  gr.  0.949 
at  15°  was  obtained.  It  was  optically  inactive  and  when  shaken  with 
soda  solution  was  dissolved  with  the  exception  of  a  few  flakes.  Titra- 
tion with  alcoholic  potassa  yielded  as  acid  number  415,  corresponding 
to  89  p.  c.  of  valerianic  acid  hydrate  CnHioOj  +  H*0. 


i)  Tbe  claim  madfi  bj>  Oliviero  that  tbe  oila  of  valerian  and  aplke  are  the  first  In 
which  camphene  has  been  found  Is  not  correct.  The  occurrence  of  camphene  In  dtronella 
oil  and  ulngsr  oil  wa*  reported  Id  the  Rertcbt  of  Schimmel  *  Co.  of  October  18U8, 
pp.  11  and  22.  The  ft  rut.  publication  ot  Oliviero  (aleo  that  of  Boucbardat  on  oil  of 
aplke)  appeared  In  the  Comptee  rendue  dated  December  28.  1*08. 

a)  Jimrn.  d.  I'harm.  t.  EuMaa-Lothrlniren,  10.  p.  S2. 

»)  Arehlr  d,  Pbarm.,  209,  p.  204. 

*)  Berichte.  11,  p.  4SM. 

■)  Bericht  vim  S.  A  Co..  Apr.  1S9T.  p.  47. 
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Mexican  valerian  root,  therefore,  yields  scarcely  a  trace  of  volatile 
oil,  bat  only  free  valerianic  acid.  Inasmuch  as  the  root  has  a  strong 
odor  of  the  acid,  it  is  to  be  supposed  that  it  is  contained  as  sncb  in 
the  root  and  is  not  formed  during  the  process  of  distillation. 

390.    Oil  of  Kesm  Root. 

Origin  and  Psspabation.  Japanese  valerian  root  is  not  derived, 
as  was  first  supposed,  from  Patiinia  scabiofmefolia  Link,  but  from 
Valeriana,  officinalis  L.  var.  angtisti folia  Miq..  which  is  known  as  Kesso 
or  Kanokosfi  in  Japan.  Upon  distillation  it  yields  M  p.  c.  of  oil  and 
is,  therefore,  much  richer  in  oil  than  the  common  valerian  root. 

Pbopebtibb.  Tne  odor  of  the  optically  laevogyrate  oil  is  barely 
distinguishable  from  that  of  valerian  oil.  The  oil,  however,  is  much 
heavier,  having  a  sp.  gr.  of  0.990—0.996. 

Composition.  In  composition  also  kesso  oil  closely  resembles  valerian 
oil  for  it  contains  almost  all  constituents  found  in  the  latter.  In 
addition  it  contains  kessyl  acetate  which  causes  the  higher  specific 
gravity  (Bertram  and  Gildemeisrer.1  1890). 

When  kesso  oil  is  distilled  a  first  fraction  is  obtained  that  is  strongly 
acid,  has  the  disagreeable  odor  of  decayed  cheese  and  contains  acetic 
and  valerianic  acids  and  probably  valerianic  aldehyde. 

Fraction  155— 160°  is  strongly  laevogyrate  and  like  the  corresponding 
fraction  of  valerian  oil  contains  l-pinene  (nitrosopinene,  m.  p.  101°j  and 
l-camphenea  (iso  borneol,  m.  p  212°).  Fraction  170—180°  contains 
dipentene  (tetrabromide,  m.  p.  123°).  It  is  questionable  whether  this 
terpene  is  an  original  constituent  of  the  oil  or  whether  it  is  formed  by 
the  action  of  the  acids  on  pinene  or  terpineol. 

The  borneol  of  kesso  oil,  like  that  of  valerian  oil,  is  laevogyrate 
and  is  present  as  acetate  and  iso  valerian  ate.  Bornyl  formate  found  in 
oil  of  valerian  is  not  contained  in  kesso  oil. 

Terpineol  was  identified  by  the  formation  of  dipentene  dihydriodide 
(in.  p.  76°)  from  fraction  200—220°.  Other  reactions,  more  characteristic 
for  terpineol,  conld  not  be  applied  on  account  of  the  borneol  which  is 
difficult  to  remove, 

Fraction  2(10—280°  had  a  decided  sesquiterpene  odor  but  did  not 
yield  a  solid  hydrochloride.  The  highest  boiling  fractions  contain  in 
addition  to  a  blue  oil,  the  acetate  of  an  alcohol  CnHa^Os,  the  kessyl 
acetate. 

i)  Archlr  it.   Phariti..  2\iH,  p.  488.  >)  Journ.  t.  prakt.  Ohem.,  II.  i'.i.  p.  18. 
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Kesayl  acetate,  Ci  tHaaOiCOCHe,  is  a  viscid  liquid  which  does  not 
solidify  at  —20°.  Under  15—16  mm.  pressure  it  boils  between  178 
and  179°;  under  atmospertc  pressure  at  about  800°  with  slight  decom- 
position; aD  =  —  70°  6'. 

Kessyl  alcohol,  Ci*Hs*0s,  crystallizes  in  large,  well  formed  crystals 
of  the  rhombic  system.  It  is  odorless,  insoluble  in  water,  readily  soluble 
in  alcohol,  ether,  chloroform,  benzene  and  petroleum  ether.  It  melts  at 
85°  and  under  11  mm.  pressure  boils  between  155  and  156°,  under 
ordinary  pressure  between  300  and  302°.  Its  alcoholic  solution  is 
laevogyrate.  Upon  oxidation  with  potassium  bichromate  and  sulphuric 
acid  a  substance  with  two  hydrogen  atoms  less  is  obtained,  which 
crystallizes  in  thick  needles  melting  at  104—105°  and  turns  the  plane 
of  polarized  light  to  the  left. 

391.    Oil  of  Valeriana  Celtica. 

The  small  Valeriana  celtica  L.  of  the  Styrian  alps  formerly  yielded 
a  drug  known  as  Spica  celtica  (Ger.  Alpenapik,  celtiacher  Spik).  The  root 
yields  upon  distillation  1.5 — 1.75  p.  c.  of  volatile  oil  of  a  strong  odor 
reminding  more  of  Roman  chamomile  and  patchouly  than  of  valerian. 
Sp.  gr.  0.967;  boiling  temperature  250— 300V 

392.    Oil  of  Nardontackys  Jatamansi. 

The  rhizomes  of  Nardoatachys  jatamansi  D.  C.  (Patrinia  jatamansi 
Waliich)  and  of  N.  grandittoia  D.  C,  {Family  Vaierianaceae)  which  are 
indigenous  to  the  Himalaya  mountains  of  northern  India  have  an 
odor  reminding  faintly  of  musk  but  more  strongly  of  patchouly.  On 
account  of  its  fragrance  this  root  was  highly  prized  during  antiquity 
and  was  used  for  perfuming  ointmente  and  fatty  oils  Later  other 
roots  were  used  as  substitutes,  notably  that  of  Ferula  mimbul  Hook.  HI. 
(p.  576)  and  still  later  that  of  Valeriana  celtica  L.  (see  above). 

According  to  Kemp*  the  root  of  Nardoatachys  jatamansi  D.  C. 
yields  upon  distillation  1  p.  c.  of  a  volatile  oil  of  light  yellow  color. 
8p.  gr.  0.9748  at  22°;  *D=— 19°5'. 

393.    Oil  of  Dog  Fennel. 

Eupatorium  foenicalacemn  Willd.  (Family  Compositae)  known  as 
dog  fennel  on  account  of  its  fennel-like  leaves,  is  found  along  the 
Virginia  coast  and  in  other  southern  states  of  North  America.    An  oil 
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distilled  in  Florida  Irom  the  entire  plant  was  light  in  color  and  had  an 
aromatic,  pepper-like  odor  not  at  all  resembling  fennel.  Sp.  gr.  0.933: 
«d=  +  17°50'.    It  contained  a  large  amount  of  phellandrene.1 

394.    OU  of  Ageratnin  Conyzoides. 

This  oil  was  distilled  in  the  Botanical  Garden  at  Buitenzorg.  The 
presence  of  methyl  alcohol  in  the  aqueous  distillate  waa  observed. 

8p.  gr.  1.015  at  27.5°:  optical  rotation  —5.5°  (iu  200  mm.  tube). 
It  boils  at  about  260°  and  probably  contains  sesquiterpene.* 

395.    Oil  of  Golden  Rod. 

In  the  United  States  east  of  the  Rocky  Mountains  there  are  found 
about  fifty  species  of  Sttlidago  known  as  golden  rod,  some  of  which  are 
so  common  as  to  be  regarded  as  weeds.  Several  possess  more  or  lew 
aromatic  properties. 

The  oil  of  golden  rod  so-called  is  derived  from  Solitiago  odors  Aiton. 
It  has  a  strongly  aromatic,  but  not  especially  pleasant  odor  and  a 
sp.  gr.  of  0.96.1.* 

The  fresh,  flowering  herb  of  Solidago  cunxdensis  L.  yields  0.63  p.  c. 
of  oil.  It  is  of  a  light  yellow  color  and  has  a  very  agreeable,  sweetly 
aromatic  odor.    8p.  gr.  0.859;  «p  as— H'lO*.*    ' 

This  oil  contains  about  85  p.  c.  of  terpenes,  especially  pinene  with 
some  phellandrene  and  dipentene,  possibly  also  limonene.  The  higher 
boiling  portions  consist  of  borueol  (total  9.2  p.  c),  bornyl  acetate 
(3.4  p.  c.)  and  cadinene.  It  is  remarkable  that  this  golden  rod  oil 
should  so  closely  resemble,  as  to  composition,  the  pinene  needle  oils  of 
an  entirely  different  family.6 

The  odor  of  the  oil  of  Solidago  rugoaa.  Mill,  is  said  to  resemble  that 
of  origanum  oil. 

396.  OH  of  Erigeron  (Fleabane). 
Oleum  Erlgerontls.  —  ErlgeronW. — Essence  d'Erfgeron. 
Oeioin.  Erigeron  canadensis  L.  is  a  very  common  weed  which  i* 
known  in  America  as  fleabane,  horseweed  or  butterweed.  It  is  frequently 
found  in  peppermint  fields.  The  fresh  herb  yields  upon  distillation 
0.2—0.4  p.  c.  of  oil  which  finds  limited  medical  application  in  thf 
United  States  and  which  was  made  official  in  the  U.  S.  Pharma- 
copoeia of  1890. 

I)  Rerlcht  van  S.  &  Co.,  Apr.  1896,  | 
i)  Ibidem,  Apr.  1SUS.  p.  07. 
■>  Ibidem.  Oct.  1801.  p.  40. 
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Properties.  When  fresh,  erigeron  oil  is  a  colorless  or  light  yellow, 
mobile  liquid,  and  possesses  a  peculiar  aromatic,  persistent  odor  and  a 
somewhat  prickly  taste.  Exposed  to  the  air  it  rapidly  resi  nines  and 
becomes  viscid  and  darker.  Sp.  gr.  0.850— 0.870;  no  =  +  52°.1  With 
an  equal  volume  of  90  p.  c.  alcohol  it  forms  a  clear  solution. 

Composition.  Erigeron  oil  boils  almost  completely  at  175°  (Power11) 
and  consists  very  largely  of  d-liraoneiie.  Vigier  and  Cloez*  (1881) 
prepared  a  dihydrochloride,  which  Beilstein  and  Wiegand*  (1882)  found 
to  melt  at  47 — 48°;  Wallach6  (1885)  prepared  tbe  tetrabromide  melt- 
ing at  104—105°;  Meissner0  (1883)  the  nitrosochlorides,  and  from  the 
u-nitrosochloride  the  benzyl  amine  base  melting  at  90—92°. 

In  fraction  205—210°  Hunkel 7  found  terpineol  which  he  identified  by 
means  of  its  nitrosochloride  and  the  nitrolpiperidine  base  melting  at 
159-160°. 

307.    Oil  of  Blnmea  Baleamlfera. 

The  semi-sh  rub-like  composite  Blnmea  balsamifera  D.  C.  is  indigenous 
to  India  and  is  found  from  the  Himalayas  to  Singapore  and  in  the 
Malay  Archipelago.  It  likewise,  grows  in  the  Islands  Hai-nan  and 
Formosa.  In  Hai-nan  and  in  the  Chinese  province  Kwang-tung  con- 
siderable quantities  of  the  so-called  Ngai  camphor,  Ngai-fPa,  are  obtained 
from  it  by  distillation.  From  Hoi  ban  on  Hai-nan  annually  15,000  lbs. 
are  said  to  be  exported.  The  crude  Ngai  camphor  is  rectified  in  Canton 
and  is  then  called  Ngai-p-'ien  (Holmes8).  In  Burma  also  this  camphor 
is  prepared.' 

Ngai  camphor  is  used  in  China  for  ritualistic  and  medicinal  purposes. 
It  is  also  added  to  the  better  qualities  of  india  ink.10 

Formerly  this  camphor  waa  rarely  brought  to  Europe.  In  1895 
Scbimmel  &  Co.  obtained  a  sample  in  the  form  of  a  yellowish- white, 
crumbly  mass  consisting  almost  entirely  of  1-borneol.11  (See  p.  143.) 
The  identity  of  Ngai  camphor  with  1-borneol  was  first  established  in  1874 
by  both  Plowman1"  and  Fliickiger.18 

>)  Berlcbt  too  8.  *  Co.,  Oct.   1894. 

p.  78. 

>)  Pharm.  RuDdtchaQ.  3,  p.  301.  p.  891. 

"I  Joddi.  de  Pharm. ,  V,  4,  p.  286.  i>)  PbarraacognotJe.  1S91 ,  p.  158;  P 

»>  Bert  elite.  15.  p.  283-1.  macoaraphla,  1879,  p.  S18. 

oi   Lleblg-ii  Annoleo.  327,  p.  1192.  ")   Berlcht  ton  B.  ftCo..  Apr.  IW'J-l,  , 

*l  Amer.  Journ.  Pharm.,  60,  p.  430.  i»)  Pharm.  Jouro..  Ill,  4,  p.  710;   S 

Rcpcrt.  I.  d.  Pharm,,  38.  p.  823. 

«)  Pharm.  Journ.,  Ill,  4.  p.  829. 
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398.    Oil  of  Blrnnea  Lacera. 

HhintPH  lureni  D.  C.  is  a  perennial  plant  which  is  widely  distributed 
hi  India.  It  possesses  a  strong  camphor-like  odor  and  is  therefore  used 
by  the  natives  against  flies  and  other  insects. 

Dyinock  •  obtained  by  the  distillation  of  150  lbs.  of  fresh,  flowering 
herb  about  2  oz.  of   a  light  yellow  oil,  sp.  gr.  0.9144  at   26.7°  and 

399.  Oil  of  Hellchrysttm  Stoeehas. 
The  oil  of  the  flowering  herb  of  Helkbryaum  stoeehas  D.  C.  is  used 
in  Spain  as  a  remedy  against  diseases  of  the  bladder  and  kidneys.  It 
has  the  odor  of  inferior  coniferous  oils  and  about  three-fourths  boil 
between  155  and  170°,  the  remaining  fourth  between  170  and  260°. 
Pinene  is  probably  the  principal  constituent.3 

400.    Oil  of  Elecampane. 

Oleum  Helenll.  -  -  AlantiU.  — Essence  de  Racine  d'Aunee. 

Origin  and  History.  Upon  distillation  of  elecampane,  the  root  of 
Inula  helenium  L.,  with  water  vapor,  1—2  p.  c.  of  a  solid,  crystalline 
mass  permeated  by  some  liquid  oil  is  obtained.  Aqueous  distillates  were 
used  medicinally  during  the  middle  ages.  Oleum  radicie  heleaii  is  first 
mentioned  in  the  Frankfurt  ordinance  of  1582.  Oil  of  elecampane  is 
used  principally  for  the  preparation  of  al  an  to- lac  tone,  the  helenin  of 
Gerhardt*  (1839). 

Composition.    Oil  of  elecampane  consists  almost  entirely  of  alanto 
1  act  one  with  which  are  mixed  small  amounts  of  alantolic  acid,  alantol 
and  a  substance  (CaHsO)*,  the  helenin4  of  Kallen.8 
.0 

Alanto-lactone   CwHsfK  I       was   formerly   regarded    by    Kallen   as 
CO 
alantolic  acid  anhydride.    Bredt  and  Posth  recognized  its  character  as 
lactone  and  changed  the  name  correspondingly. 

I)  Pharm.  Joura.,  Ill,  14.  p.  985. 

a>  Bericbt  tod  H.  A  Co.,  Oct.  1889,  p.  54. 

i)  Aon.  de  Cbtm.  et  Pays..  II,  72,  p.  168;  and  III.  12,  p.  188.  —  Lleblg's  Annates. 
84.  p.  192,  and  52,  p.  880. 

«)  Bredt  and  Posth  (Llebla's  Annul™,  285.  p.  849)  in  189fi  sufflraated  to  drop  the 
term  helenin  because  It  la  lined  to  designate  three  different  anbatancea.  Qerhardt 
designated  his  Impure  alanto-laetone  as  helenin :  Kallen  so  designates  tl,c  subatance 
[C(HbO)x;   Anally  the  Innlln  from  elecampane  Is  no  met!  net  called  helenin.     The  helenin 

«)  Berlchte.  6.  p.  1500.    Compare  also 
a  una-eafittlKte  Lacto 
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Recrystallized  from  dilute  alcohol,  the  lactone  is  obtained  in  color- 
less, prismatic  needles  melting  at  78°,  of  faint  odor  and  taste.  Under 
1(1  mm.  pressure  it  boils  between  205 — 210°.  It  Is  readily  soluble  in 
alcohol,  ether,  ehlorolorm,  glacial  acetic  acid,  benzene,  petroleum  ether, 
sparingly  soluble  in  water.  In  sodium  carbonate  solution  it  is  insoluble 
in  the  cold.  When  heated  with  solutions  of  the  alkalies,  it  dissolves  to 
form  the  salts  of  the  corresponding  oxy  acid,  the  atantolic  acid, 

.0  OH 

CnHaoCl     +KOH=C1.Hso< 

TO  TOOK 

Alantolic  acid,  Ci*Hao(OH)COOH,  crystallizes  in  fine  needles  which 
melt  at  94°,  splitting  off  water.  It  is  readily  soluble  in  sodium  carbonate 
solution,  also  in  alcohol  and  ether.  When  heated  with  water  it  is 
largely  decomposed.  The  hot  aqueous  solution  upon  cooling  separates 
fine  crystals  of  alantolic  acid  which  are  contaminated  with  the  lactone. 
The  easy  change  from  the  one  to  the  other  explains  why  the  crude  oil 
contains  alantolic  acid  besides  the  lactone. 

The  helenin  of  Kallen,  (CaHgO)x,  crystallizes  in  four  sided  prisms 
which  melt  at  110°.  Under  ordinary  pressure  it  does  not  distill  without 
decomposition;  under  1-i  mm.  pressure,  however,  it  distills  at  240° 
without  decomposition.  It  is  indifferent  toward  ordinary  reagents. 
Since  it  is  contained  in  the  root  in  small  amounts  only,  it  has  not  yet 
been  farther  examined. 

Alantol  is  an  oil  that  boils  at  about  200°,  and  apparently  occurs 
in  small  quantities  in  the  fresh  root  only.  It  is  a  yellowish  liquid,  and 
an  isomer  of  common  camphor,  CioHtnO.  Upon  distillation  with  phos- 
phorus pentasulphide  it  yields  cymene,  C10H14,  b.  p.  175°. 

401.    OH  of  Osmltopiia  Aateriacoidea. 

An  alcoholic  infusion  of  Osmitopaia  aateriacoidea  {Oamitea  bellidi- 
jLstrum  Thbg.,  Bettidiantrum  oamitoides  Less.)  is  used  in  Cape  Colony 
as  a  remedy  against  lameness. 

The  volatile  oil  of  the  plant  was  examined  by  Gorup-Besanez *  in 
1854.  It  is  a  mobile,  yellowish-green  liquid  of  a  not  pleasant  odor, 
reminding  of  camphor  and  cajeput  oil;  sp.  gr.  0.931  at  16°.  The  oil 
began  to  boil  at  176°,  two-thirds  passed  over  between  178—188°,  the 
remainder  between  188—208°.  When  the  thermometer  rose  to  206°  a 
sublimate,  possibly  or  camphor,  was  deposited  in  the  neck  of  the  retort. 

■)  Llpbtft'*  Anualen.  89.  p.  21*. 
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Fraction  178—182°  had  the  composition  CioHisO  and  probably  con- 
sisted of  cineol,  which  is  also  indicated  by  the  cajepnt-like  odor  and 
specific  gravity. 

402.    Oil  of  Ambrosia.  ArtimiaiaefoUa. 

Ambrosia  artimisiaefolia  is  a  common  weed  in  North  America  and 
is  known  as  ragweed,  hogweed,  bitterweed  and  Roman  wormwood. 

The  fresh,  flowering  herb  yielded  upon  distillation  0.07  p.  c.  of  a 
dark  green  oil  possessing  an  aromatic,  not  unpleasant  odor.  Sp.  gr. 
0.870;  oD  =— 200.1 

4.03.    Oil  of  Roman  Chamomile. 

Oleum  Chunomlllae  Bomanae.  Oleum  AutJiemldls.  —  RSmlwh  Ktunlllenftl.  — 
Essence  de  CanoulUe  Bsnatne. 

Obigin  ASB  History.  Arttbemis  nobilis  L.  occurs  wild  only  in 
scattered  districts  of  western  Europe.  In  Europe  and  America  it  is 
cultivated  as  garden  plant  and  for  commercial  purposes.  Occasionally 
it  escapes  cultivation. 

Owing  to  the  similarity  of  several  species  of  Anthemia,  Chrysanthemum 
and  Matricaria  it  is  not  known  what  plant  was  designated  as  Antbemis 
by  the  writers  of  antiquity.  In  the  German  treatises  on  distillation 
the  common  chamomile  seems  to  have  been  preferred  for  medicinal 
purposes,  whereas  in  England  the  Roman  chamomile  was  almost 
exclusively  used  as  chamomile  flowers.  Distilled  oil  of  Roman  chamomile 
is  first  mentioned  along  with  Oleum  chamomillae  vulgaris  in  the  price 
ordinance  of  Frankfurt  for  1587. 

Preparation.  Dp  to  quite  recent  times  Roman  chamomile  was 
cultivated  to  a  considerable  extent  in  the  neighborhood  of  Leipzig,  but 
has  been  dropped  for  several  years  because  no  longer  profitable.  At  the 
present  time  the  oil  is  distilled  principally  in  Mitcham  near  London,  where 
the  plant  is  cultivated  and  where  it  also  grows  wild.  The  dried  flowers 
yield  about  0.8—1  p.  c.  of  oil. 

Properties.  Freshly  distilled  Roman  chamomile  oil  has  a  light 
blue  color,  which  under  the  influence  of  air  and  light  changes  to  greenish 
and  brownish-yellow.  The  odor  is  strong  but  pleasant,  the  taste 
burning.  Sp.  gr.  0.905  to  0.915,  aD  =  + 1  to  +  3°  (Umney,*  1895). 
The  oil  has  usually  a  faintly  acid  reaction,  saponification  number 
250 — 300.    As  a  rule  it  forms  a  clear  solution  with  6  parts  of  70  p.  c. 

>)  Berlcbt  rnn  S.  &  Co.,  Oct.  1891.  p.  78.  ")  Phsi-m.  Jo  urn..  Ill,  30,  p.  946. 
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alcohol.  A  lesser  solubility  is  occasionally  due  to  a  larger  paraffin 
content,  and  does  not  necessarily  indicate  adulteration. 

Composition.  The  oil  of  Roman  chamomile  consists  principally  of  a 
mixture  of  esters  of  butyric  acid,  and  the  isomeric  angelic  and  tiglinic ' 
acids  which  are  present  as  esters  of  isobutyl,  amyl  and  hexyl  alcohols. 

Angelic  acid  was  discovered  in  the  oil  by  Gerhardt8  in  1848,  and 
has  thus  become  readily  accessible  to  chemists.  The  other  statements 
by  Gerhardt  concerning  the  presence  of  angelic  aldehyde  and  a  terpens 
boiling  at  175°,  chamomillene,  have  been  shown  to  be  wrong. 

Demareay"  in  1873  showed  that  angelic  acid  is  not  free  but  com- 
bined with  butyl  and  amyl  alcohols.  He  supposed  that  he  had  found 
valerianic  acid,  but  this  was  not  verified  by  later  investigators. 

More  detailed  examinations  of  the  oil  were  made  by  Fittig  and 
Kopp*  in  1876  and  by  Fittig  and  Kobig8  in  1879.  Kopp  saponified 
the  oil  and  isolated  and  identified  the  acids,  whereas  Kfibig  fractionated 
the  oil  and  examined  the  various  fractions.  The  two  investigations, 
therefore,  supplement  each  other. 

Upon  repeated  fractionation,  five  large  fractions  are  obtained: 
1)  147—148°;  2)  177—177.5°;  8)  200—201°;  4)  204—205°;  5)  above 
220°  decomposition  sets  in  and  about  one-third  of  the  oil  remains  in 
the  residue. 

Fraction  1,  b.  p.  147—148°,  contains  an  ester  of  isobutyric  acid, 
probably  that  of  isobutyl  alcohol,  C*HtO.OC4Hb,  with  which  is  mixed 
a  small  amount  of  a  hydrocarbon.  In  the  lowest  fraction  of  the  acids, 
150-^160°,  after  separation  of  the  alcohols,  a  white  amorphous  powder 
separated  which  was  not  isolated  in  a  pure  state  but  which,  judging 
from  its  properties,  consisted  of  methacrylic  acid  CHa :  C(CHa)C00H. 
The  first  fraction  of  the  non-saponified  oil,  therefore,  may  be  regarded 
as  an  ester  of  this  acid. 

Fraction  2  consists  of  fairly  pure  angelic  acid  isobutyl  ester, 
CbHtO  .  OC*H8.  The  isobutyl  alcohol  obtained  from  it  boils  at  107—108°, 
the  angelic  acid  melted  at  45°. 

Fraction  8,  b.  p.  200—201°,  consisted  of  a  colorless,  rather  viscid 
oil  having  the  odor  of  chamomile.    Upon  saponification  it  was  resolved 

i)  It  U  doubtlul  whether  tlgHnlc  add  le  contained  aa  each  In  the  oil  or  U  formed 
from  the  angelic  add. 

■  )  Cotupt.  rend.,  38,  p.  335;  Ann.  de  Chlra.  et  Ph.ve.,  Ill,  34,  p.  96:  Ueblf/'a 
Annalen.  ST,  p.  385;  Journal  f.  prakt.  Cbemle.  45.  p.  385. 

•I  Cotupt.  rend.,  77.  p.  860;  Ibid.,  SO,  p.  1400. 

*)  Berlchte,  9,  p.  T10S;  Ibid.,  10,  p.  018. 

*)  Lleblg'a  Annalen,  195.  pp.  T9,  81  and  93. 
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into  inactive  amyl  alcohol  of  fermentation,  C&H13O,  b.  p.  129—130°, 
and  angelic  acid.  It,  therefore,  consists  of  angelic  acid  amyl  ester, 
CbHtO  .  OCbHh. 

Fraction  4  consists  of  a  mixture  of  the  amyl  esters  of  angelic  and 
tiglinic  acids. 

Fraction  5.  The  portion  above  220°  was  saponified  with  potassa. 
Among  the  volatile  acids,  tiglinic  and  angelic  acids  were  found.  The 
oil  distilled  from  the  lye  was  separated  into  a  smaller  fraction,  152— 
153°,  and  into  a  larger  one,  213.5—214.5°. 

Fraction  152—153°  upon  analysis  revealed  itself  as  a  hexyl  alcohol 
which  upon  oxidation  yielded  a  capronic  acid.  Van  Romburgh1  showed 
in  1886  that  this  acid  is  identical  with  methyl  ethyl  propionic  acid,  and 
that  the  alcohol,  which  was  also  prepared  synthetically,  has  the  formula 
CaH5(CHs)CH .  CHa .  CHsOH.  The  methyl  ethyl  propyl  alcohol  of  Roman 
chamomile  oil  boils  at  154°,  has  a  sp.  gr.  of  0.829  and  is  dextro- 
gyrate, ["]d  =  +  8.2°,  whereas  the  synthetic  alcohol  is  optically  inactive. 
The  oil  contains  about  4  p.  c.  of  this  hexyl  alcohol. 

Fraction  213.5 — 214.5°  is  a  colorless,  viscid  liquid  of  camphor-like 
odor,  which  does  not  distill  without  decomposition  under  ordinary 
pressure.  It  is  isomeric  with  camphor,  having  the  formula  CioHiaO, 
and  was  named  anthemol.  The  acetate  of  this  alcohol  boils  at  234 — 
236°,  and  upon  saponification  yields  the  original  alcohol.  Chromic  acid 
destroys  the  alcohol  entirely,  dilute  nitric  acid  oxidizes  it  to  p-to)uic 
and  terephthalic  acids,  also  a  more  soluble  acid,  possibly  terebinic  acid. 

There  remains  to  be  mentioned  that  Naudin*  obtained  from  the 
flowers  of  Roman  chamomile,  by  the  extraction  with  petroleum  ether  a 
paraffin,  "anthemene",  CisHss,  which  melted  at  63—64°. 

404.  Oil  of  Anthemla  Cotnla. 
Upon  distillation  of  the  fresh  flowers  of  Antbemia  cotuln  L.  and 
shaking  the  aqueous  distillate  with  ether,  Hurd8  in  1885  obtained 
0.013  p.  c.  of  oil.  The  entire  fresh  plant,  when  treated  in  like  manner, 
yielded  0.01  p.  c.  of  a  reddish  oil  with  acid  reaction  and  bitter  taste; 
sp.  gr.  0.858  at  26°.  Upon  cooling  a  crystalline  acid  separated,  which 
melted  at  58°  after  purification.  The  same  acid  was  obtained  upon 
saponification  of  the  oil.  The  saponified  oil  boiled  between  185— 290° 
and  left  a  residue  of  20  p.  c. 
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405.    Oil  of  Milfoil. 

The  fresh  flowers  of  Achillea  millefolium  L.  yield  upon  distillation 

0.07—0.13  p.  c.  of  volatile  oil  of  a  dark  bine  color  and  a  strongly 

.  aromatic,  camphor-like  odor,  sp.  gr.  0.905—0.925.    It  was  first  prepared 

by  filey1  in  1828.    The  only  known  constituent  is  cineol,  the  presence 

of  which  was  demonstrated  by  Schimmel  &  Co.9    The  high  boiling  blue 

fraction  is  possibly  identical  with  the  so-called  azulene  or  coeruleine  of 

chamomile  oil. 

From  the  roots  of  milfoil,  Bley3  in  1828  obtained  0.032  p.  c.  of  an 
almost  colorless  oil  possessing  an  unpleasant  taste  and  a  peculiar, 
faintly  valerian-like  odor.  In  the  aqueous  distillate  acetic  acid  was 
found.    The  root  contains  traces  of  volatile  sulphur  compounds. 

406.    Oil  of  Achillea  Nobilie. 

Bley*  in  1835  prepared  the  oil  from  the  flowers  (0.24  p.  c),  dry 
herb  (0.26  p.  c.)  and  the  seeds  (0.19  p.  c.)  of  Achillea  uobilis  L.  The 
oil  from  the  herb  had  a  sp.  gr.  of  0.970.  It  had  a  strong  camphor- 
like odor  similar  to  that  of  milfoil,  but  finer,  and  a  spicy,  bitter  taste. 

407.    Oil  of  Achillea  Moachata. 

The  iva  herb  used  in  the  manufacture  of  iva  liquor  is  obtained 
from  Achillea  moachata  L.  and  owes  its  agreabk  odor  to  a  volatile  oil 
of  which  about  0.5  p.  c.  are  obtained  upon  distillation. 

The  oil  has  a  greenish-blue  to  dark  blue  color  and  a  strongly 
aromatic  odor  and  taste.  Sp.  gr.  0.932—0.934.  It  boils  between 
170 — 260°.  The  only  substance  characterized  so  far  is  cineol,"  identified 
by  Hirschsohn's  cineol  reaction.  The  so-called  ivaol  of  Planta- 
Reichenau,11  Ca*H*o02,  boiling  from  170 — 210°,  cannot  be  an  individual 
substance,  as  is  shown  by  its  boiling  temperature. 

408.    Oil  of  Achillea  Coronopifolia. 

Schimmel  &  Co.7  obtained  from  Spain  a  deep  blue,  mobile  oil  of 
Achillea  coronopifolia  Wtlld.,  possessing  a  strong  but  pleasant  odor 
reminding  of  tansy.    Sp.  gr.  0.924. 

■)  Tromm*dorff'B  N.  Joarn.  d.  Pb&rro.,  16.  II,  p.  96. 

>)  Berlcht  too  S.  &  Co..  Oct.  1894,  p.  55. 

■)  Tromm»dorfl*«  N.  Journ.  d.  rharm.,  18,  I,  p.  347. 

*)  Ari-tlfv  d.   PhfLi-m.,   52,   p.  134. 

•  I  Berlcht  ron  8.  &  Co.,  Oct.  1894,  p.  27. 

*)  Lleblg'B  Annalen,  155.  p.  148. 

'}  Berlcht  von  S.  A  Co..  Apr.  1888,  p.  64. 
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409.  Oil  of  Achillea  Ageratuin. 
The  oil  of  Achillea  ager&tum  L.  was  distilled  by  de  Lnca '  in  1875 
from  the  flowering  plant.  8p.  gr.  0.849  at  24°.  Upon  distillation  two 
fractions  were  obtained:  the  first  boiling  between  165 — 170°;  the. 
second  between  180—182°  and  yielding  upon  analysis  results  agreeing 
with  the  formula  CseH^tOs.         , 

410.    Oil  of  German  Chamomile.3 
Oleum  Chimomillfte.  —  Kami  Hen  51.  —  Essence  de  CainomlUe. 

Origin  and  History.  The  common  chamomile,  Matricaria  chamo- 
mills  L,  (Chrysanthemum  chamomilla  Bernb.)  grows  throughout 
Europe  with  the  exception  of  the  extreme  north,  and  has  migrated  to 
North  America  and  Australia. 

Chamomile  was  used  medicinally  by  the  Greeks  and  Romans,  and 
was  highly  valued  during  the  middle  ages.  Brunschwig  describes  the 
distillation  of  the  flowers. 

The  oil,  which  attracted  attention  on  account  of  its  blue  color, 
seems  to  have  been  known  since  the  middle  of  the  fifteenth  century. 
Saladin  mentions  it  in  his  list  of  1488,  and  the  Nurnberg  physician 
Joachim  Canierarius  prepared  it  in  1588.  Gesner  and  Porta  distilled 
the  oil  after  moistening  the  flowers  with  aqua  vitae.  In  the  price 
ordinances  it  is  first  mentioned  in  that  of  Berlin  for  1574  under  the 
title  of  Oleum  matricariae  and  of  Frankfurt-on-the-Main  for  1587.  In 
the  Dispensatorium  Noricum  of  1589  it  is  mentioned  as  Oleum 
chamomillae  vulgaris  besides  Oleum  matricariae. 

The  blue  color  of  the  oil  was  attributed  to  a  copper  content  due  to 
the  distilling  vessels,  until  Fauli  and  Herford  of  Copenhagen  showed  in 
1664  that  the  oil  distilled  from  glass  vessels  likewise  possessed  a  blue 
color.8  On  a  large  scale  by  steam  distillation,  chamomile  oil  was  first 
distilled  in  1822  by  the  apothecary  Frans  Steer  of  Kaschau  in 
Hungary.4    The  oil  was  first  examined  by  Zeller*  in  1827. 

Preparation.  For  purposes  of  distillation  the  more  unsightly 
blossoms,  which  are  not  as  serviceable  for  pharmaceutical  purposes,  are 
employed.    The  drug  used  for  distillation  comes  from  Hungary.    The 

i)  Ana.  de  Chtm.  et  Pliyn.,  V.  4,  p.  182;  Jabraab.  t.  Cheat..  1875.  p.  849. 
»)  In  tbe  United  State*  and  England  the  term  "oil  of  chamomile"  la  aleo   need  to 
designate  the  oil  ol  Roman  chamomile,  Antbemix  nobllls. 
"I  Qaadrlpiirtituni  botanic  urn,  p.  283. 
*)  Bnehner'a  Report.  I.  d.  Pharm.,  61,  p.  8S. 
*)  Bnchner'a  Repert.  I.  i.  Pharm.,  26,  p.  «ST. 
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yield  varies  from  0.2  to  0.86  p.  n.  On  account  of  the  email  yield  of  oil, 
chamomile  was  formerly  distilled  with  lemon  oil  and  thus  the  Oleum 
ch&momittae  citratum  of  the  apothecary  shops  was  obtained. 

Properties.  At  middle  temperature,  chamomile  oil  is  a  rather 
viscid  liquid  of  a  dark  blue  color,  which  when  carelessly  exposed  to 
light  and  air,  passes  into  green  and  finally  into  brown.  The  odor  of 
the  oil  is  strong  and  characteristic,  the  taste  bitter  and  aromatic, 
8p.  gr.  0.980—0.940  at  15°,  at  which  temperature  the  oil  begins  to 
deposit  crystals.  When  cooled  the  oil  becomes  butyraeeous  and  at  0°  has 
congealed  to  a  solid  mass.  The  saponification  number  averages  about 
45.  On  account  of  the  large  paraffin  content,  the  oil  yield's  but  turbid 
mixtures  with  90  p.  c.  alcohol. 

Composition.  Very  little  is  known  about  the  composition  of  oil  of 
chamomile  for,  with  the  exception  of  the  odorless  paraffin,  not  a  single 
constituent  has  been  isolated.  The  older  investigations  of  Borntrager1 
(1844)  and  Bizio8  (1861)  contain  nothing  worth  mentioning.  The 
examination  by  Gladstone8  (1864)  was  restricted  principally  to  the 
blue  fraction,  the  "coeruleine."  The  statements  made  concerning  the 
properties  and  composition  of  this  substance  differ  greatly  from  those 
of  Piesse*  (1863)  and  Kachler*  (1871). 

An  oil  distilled  by  Kachler  himself  began  to  boil  at  105°.  Up  to 
180°  about  4.5  p.  c.  of  a  faintly  bluish  fraction  was  obtained  which 
possessed  a  strong  chamomile  odor;  8.3  p.  c.  boiled  between  180—250°; 
between  255—295°  42  p.  c.  were  obtained,  distilling  with  blue  vapors. 
The  fraction  obtained  above  295°  (25  p.  c.)  was  very  viscid,  the  vapors 
becoming  violet  at  last;  a  residue  of  20  p.  c.  of  a  pitchy,  brownish 
mass  remained.  The  distillation  was  accompanied  by  decomposition, 
for  all  of  the  fractions  had  an  acid  reaction.  By  shaking  with  aqueous 
potassa  an  acid  was  extracted  the  silver  salt  of  which  gave  figures 
agreeing  with  caprinic  acid,  CioHsoOa-  After  a  second  fractionation  of 
the  two  lower  fractions  an  oil  was  obtained  between  150—165°,  the 
composition  of  which  accidentally  agreed  with  the  formula  CioHiaO. 
A  fraction  boiling  within  a  range  of  15  degrees  cannot  represent  a 
chemical  individual.  The  analyses  of  the  following  fractions  are  of  no 
interest  for  the  same  reason. 

1)  Llebig'*  Annalen,  49,  p.  348. 

>)  Wiener  ukadem.  Ber.,  48,  2nd  part.  p.  293;  Jnhretb.  I.  Chemle,  1SS1,  p.  681. 

*>  Joam.  Chem.  Hoc..  IT,  p.  1:  Jabreab.  I.  Cbem.,  1SSS,  p.  S00. 

*)  Cornpt.   tana.,  37,  p.   1016:    Chem.    New«.    8,    pp.   248.    278:    Chem.    Centralbl., 
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The  blue  oil  named  azulene  by  Piesse,  boiled  between  381—289°  and 
was  regarded  by  Kaehler  as  a  polymer  of  camphor  of  the  formula 
(CioHiaO)a.  By  treatment  with  potassium  a  hydrocarbon  boiling 
between  250—255°  was  obtained.  The  formula  CaoEUs  assigned  to  it  is 
not  very  probable  if  the  boiling  point  is  taken  into  consideration.  (The 
sesquiterpenes  CisHs4  boil  at  about  the  above  temperature).  Anhydrous 
phosphoric  acid  acts  on  the  blue  substance  with  the  formation  of  a 
hydrocarbon  (CioHi*)n.  In  its  general  properties,  the  blue  fraction  of 
chamomile  oil  agrees  with  the  bine  oil  obtained  by  MoBsmer1  (1801) 
upon  the  destructive  distillation  of  galbanum.  Possibly  the  high  boiling, 
blue  fractions  of  other  oils,  such  as  those  of  milfoil,  kesso,  valerian, 
Roman  chamomile,  wormwood  and  others  are  identical  with  the  blue 
fractions  of  the  oil  of  Gkrman  chamomile.  None  of  the  others,  however, 
have  such  a  deep  blue  color  and  it  would,  therefore,  seem  probable  that 
the  substance  involved  is  contained  in  the  purest  condition  in  chamomile 
oil.    It  certainly  is  worthy  of  careful  investigation. 

The  congealing  of  chamomile  oil  at  low  temperatures  is  dne  to  its 
paraffin  content.  The  paraffin,  which  remains  in  the  flask  when  the  oil 
is  fractionated,  as  a  dark  colored  mass,  is  difficultly  soluble  in  alcohol, 
but  readily  in  ether  and  persistently  retains  the  blue  color  of  the  oil. 
In  the  pure  state  it  is  white  as  snow,  melts  at  53 — 54",  and  shows  all 
the  properties  of  the  paraffin  hydrocarbons."  Whether  it  is  an  individual 
hydrocarbon  or  a  mixture  of  several  homologues,  has  not  yet  been 
determined. 

Examination.  It  is  reported  that  oil  of  milfoil  is  used  for  the 
adulteration  of  chamomile  oil,  it  being  specially  suited  to  this  purpose 
on  account  of  its  blue  color.8  Larger  quantities,  however,  are  excluded 
on  account  of  its  totally  different  odor.  More  frequently  oil  of  cedar- 
wood*  seems  to  be  used  which  has  no  marked  odor  of  its  own.  The 
addition  of  this  oil,  however,  or  of  other  oils  reduces  the  congealing 
point.  Genuine  oil  begins  to  get  viscid  at  +  15°  and  becomes  solid 
at  0°.    Adulterated  oils  remain  liquid. 

411.    Oil  of  Feverfew. 

Origin.  Matricaria  parthenivm  L.  (Pyrethrum  partheaium  Sin., 
Chrysanthemum  p&rthenium  Pers.,  Ger.  Mutterkraut)  is  frequently 
cultivated  in  Germany  and  also  occurs  wild.  It  supplied  the  Berba 
Matricarias  formerly   officinal  in  Germany.     Upon   distillation   of   the 
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fresh,  flowering  plant  0.02—0.07  p.  c.  of  a  yellow  to  dark  green  oil  is 
obtained.  Sp.  gr.  0.&08— 0.960.  At  times  the  oil  deposits  crystals  at 
ordinary  temperature.  According  to  Chantard  the  budding  herb  yields 
more  oil  than  the  flowering  herb,  but  that  of  the  former  contains  less 


Composition.  Oil  of  feverfew  is  of  special  interest  because  the  rare 
1-camphor1  was  first  found  in  it  by  Dessaignes  and  Chautard*  in  1848. 
In  order  to  obtain  this  substance  the  oil  is  fractionated,  and  fraction 
200°  is  subjected  to  the  temperature  of  a  freezing  mixture,  and  the 
crystals  separated  by  means  of  a  force  Alter.  1  Camphor  melts  at  175°, 
boils  at  204°  and  deviates  the  ray  of  polarized  light  as  far  to  the  left, 
{[a]D  =— 33.1°)  as  ordinary  camphor  does  to  the  right. 

Feverfew  cultivated  in  the  neighborhood  of  Leipzig  yielded  0.068 
p,  c.  of  oil,  sp.  gr.  0.960.  At  ordinary  temperature  a  considerable 
quantity  of  hexagonal  crystals  separated,  which,  when  recrystallized 
from  petroleum  ether,  melted  at  203 — 204°  and  consisted  of  1-borneol, 
fa]D  =— 36°.    Camphor  was  not  to  be  found  in  the  oil.8 

It  seems  probable  that  the  oil  examined  by  Dessaignes  and  Chautard 
also  contained  borneol  besides  camphor,  for  the  mother  liquor  from  the 
crystals,  after  treatment  with  nitric  acid,  yielded  more  camphor.  It  is 
but  rational  to  assume  that  the  further  amounts  of  camphor  obtained 
after  the  treatment  with  nitric  acid  owed  their  origin  to  the  borneol 
present. 

According  to  Chautard*  the  oil  further  contains  a  terpene  boiling 
below  200°,  which  did  not  yield  a  solid  derivative  with  hydrogen 
chloride;  and  a  liquid  dextrogyrate  constituent  boiling  above  200° 
which  contained  more  oxygen  than  camphor.  In  connection  with  the 
oil  mentioned  above,  Schimmel  &  Co.  obtained  the  saponification 
number  131  which  indicates  a  rather  high  ester  content. 

412.    Oil  of  Tansy. 

Oleum  Tiiimcett.     (Uinfarnill.     Essence  de  Tanalsle. 

Origin  and  History.    Tanacetum  vulg&rvh.  (Chrysanthemum  t/iiia- 

cetum  Karsch)  is  found  wild  in  most  European  countries,  likewise  in  the 

Atlantic  states  of  North  America,  and  is  also  cultivated.    It  is  one  of 

the  strongly  aromatic  composites.    The  oil,  which  is  especially  contained 

>)  l-Camphor  occur*  alao  In  one  other  oil,  namely  In  oil  of  tansy. 

»)  Jonrn-  I.  prakt.  Chem.,  45,  p.  45. 

•  )  Berlcht  von  8.  A  Co..  Oct.  1894,  p.  Tl. 

*)  Journ.  de  Pharm.,  III.  44,  p.  IS;  Jahrenber.  I   Chemle,  1S08,  p.  55!i. 
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in  the  flowers,  has  been  used  as  an  antihelminthic  since  the  middle  ages. 
In  the  United  States  the  leaves  und  flowers  are  official. 

The  distilled  water  from  the  flowers  and  leaves  was  a  common 
remedy  during  the  sixteenth  and  seventeenth  centuries.  The  oil  is  first 
mentioned  in  the  price  ordinance  of  Frankfurt  for  1582  and  in  the 
Dispensatorium  Noricum  of  1589.  The  oil  was  first  examined  by 
Persoz*  in  1841. 

Preparation.  Fresh,  flowering  tansy  yields  upon  distillation  0.1  to 
0.2,  dry  herb  0.2—0.8  p.  c.  of  oil.3  The  commercial  oil  is  obtained 
principally  from  North  America.  It  should  be  noted  that  the  oil  from 
different  sources  varies  somewhat. 

Properties.  Oil  of  tansy  is  a  yellowish  liquid,  which  becomes  brown 
under  the  influence  of  air  and  light.  The  sp.  gr.  of  the  oil  from  fresh 
herb  is  0.925—0.940,  that  from  dried  herb  0.955;  «D  =  +  30  to  +45°. 
The  American  oil,  when  pure,  forms  a  clear  solution  with  3  parts  of  70 
p.  c.  alcohol.  An  oil  distilled  in  Germany  gave  no  clear  solution  with 
70  p.  c.  alcohol. 

An  English  oil  from  cultivated  tansy8  had  but  little  resemblance,  as 
to  odor,  to  ordinary  oil  of  tansy  but  resembled  oil  of  rosemary  and 
had  a  decided  odor  of  camphor;  upon  evaporation  of  the  oil  a  delicate 
ambra  odor  was  finally  developed.  Its  camphor  content  was  so  large 
that  a  part  of  it  crystallized  out  at  0°.  Very  remarkable  was  its 
optical  behavior  for  it  was  strongly  laevogyrate,  «d  =—27°. 

Composition.  The  bulk  of  oil  of  tansy  consists  of  thujone  or  tana- 
cetone  to  which  the  oil  owes  its  characteristic  odor.  It  was  first  isolated 
in  a  pure  state  by  Bruylants*  in  1878.  If  the  oil  is  shaken  according 
to  his  directions  with  an  equal  volume  of  sodium  acid  sulphite  solution 
and  two  parte  of  alcohol,  a  compound  CioHi«0 .  NaHSOt  is  formed 
upon  prolonged  standing,  from  which  the  pure  thujone  can  be  separated 
by  means  of  soda.  That  this  substance,  which  Bruylants  regarded  as 
an  aldehyde  and  named  tanacetyl  hydride,  is  a  ketone  and  identical 
with  the  thujone  isolated  by  Wallach  from  thuja  oil,  was  shown 
by  Semmler.B  Properties  and  derivatives  of  thujone  are  described 
on  p.  167. 


i)  Compt-  rend.,  IB.  p.  486;   Journ.  (Or  pr&kt.  Chem.,   25,  pp.  SB,  10. 

i)  The  yield  mentioned  by  Lepplft  (Berlcnte,  15,  p.  1088.  Ret.).  Tit,,  1.49  p.  e.  from 
tbe  flower*  and  0.66  p.  c.  from  the  herb  can  not  well  reter  to  the  oil  obtained  by 
distillation. 

»)  Berlcht  von  S.  ft  Co.,  Oct.  18»5,  p.  85. 

•)  Berlchte.  11.  p.  44fl. 

•)  Berlchte.  26.  p.  8843. 
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Fraction  208 — 205°  upon  oxidation  with  chromic  acid  yielded  a 
small  amount  of  camphor.  Bniyla'nts  supposed  that  this  fraction 
contained  the  alcohol  CioHigO  corresponding  to  thujone  and  regarded 
the  camphor  as  its  oxidation  product.  Inasmuch  as  it  is  now  known  that 
thujyl  alcohol  does  not  yield  camphor,  this  ketone  must  be  regarded 
either  as  a  constituent  of  the  oil  or  as  a  product  of  oxidation  from 
some  substance  other  than  thujyl  alcohol.  Persoz1  (1841))  also  Vohl* 
(1858)  had  observed  that  the  oil,  after  having  been  oxidized  with 
chromic  acid,  contained  camphor.  Persoz  did  not  answer  the  question 
whether  this  camphor  was  contained  in  the  oil  as  such  or  whether  it 
was  a  product  of  the  oxidation. 

In  order  to  decide  this  question  Schimmel  &  Co.  removed  the  thujone 
as  completely  as  possible  by  shaking  with  bisulphite  solution,  and 
fractionated  the  remaining  oil.  At  205°  the  distillate  congealed  partly 
in  the  receiver.  The  crystalline  mass  was  separated  by  suction  and 
crystallized  from  80  p.  c.  alcohol.  Odor  and  other  properties  indicated 
a  mixture  of  camphor  and  borneol.  For  their  separation  Haller's 
method8  was  employed  and  a  relatively  large  amount  of  camphor  with 
little  borneol  obtained.  The  camphor  was  identified  by  means  of  the 
oxime  melting  at  116°.  The  optical  properties  showed  that  it  was  not 
the  common  dextro  camphor,  but  the  very  rare  laevo  camphor.  The 
amount  of  borneol  was  too  small  to  determine  its  rotation. 

It  remains  to  be  determined  whether  thujyl  alcohol  is  contained  in 
the  oil,  its  presence  being  probable  according  to  Bruylants;  also  whether 
the  terpens  of  Bruylants,  boiling  about  160°,  is  pinene  or  camphene. 

According  to  Peyraud,*  oil  of  tansy  is  exceedingly  poisonous.  In 
animals  it  produces  a  condition  similar  to  rabies,  la,  rage  t&n&cttique. 

413.    Oil  of  Taaacetnm  Balaamita. 

The  fresh,  flowering  herb  of  Tanacetum  ba.lsa.mita  L.  yielded  upon 
distillation  0.064  p.  c.  of  oil."  The  odor  is  agreeably  balsamic,  but  little 
characteristic,  reminding  of  tansy.  Sp.  gr.  0.948 — 0.949;  an  =— 48° 40' 
to  — 53° 48';  sap.  number  =  21.  In  the  cold,  paraffin-like  crystals  are 
formed  at  the  surface.  The  oil  was  not  soluble  in  80  p.  c.  alcohol. 
With  1—2  parts  of  90  p.  c.  alcohol,  however,  it  gave  a  clear  solution, 
but  this  was  rendered  turbid  upon  the  addition  of  more  alcohol,  white 
flakes  (parafliu?)  separating.    The  oil  boiled  between  207—283°. 

>}  Uompt.  rand.,  18.  p.  48*1;  LJebift'B  >)  Compt.  rend.,  108.  p.  1808. 

Annolen,    44,    p.    818;    Journ.  f.   prakt.  »1  Compt.  rend.,  108.  p.  B28. 

Cheiu.,  20,  p.  SS.  ")  Bericht  von  S.  *  Co.,  Oct.  1807,  p.  60. 

*)  Archlv  d.  Phartn.,  134,  p.  10. 
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4.14.    KiknOil. 

Kiku  oil  in  distilled  in  large  quantities  in  the  western  part  of  Japan 
from  the  leaves  and  flowers  of  Pyrethrum  iadkum  Cass.  (Jap.  Abnra- 
Kuku).  The  production  in  1887  amounted  to  about  1,400  k.  It  is  used 
as  a  popular  remedy.1 

The  oil  of  the  leaves  is  colorless  and  has  a  eampboraceous  odor 
reminding  somewhat  of  eucalyptus.  Sp.  gr.  0.885 ;  boiling  temperature 
165—175°. 

The  oil  of  the  flowers  is  likewise  colorless  and  has  an  unpleasant 
odor.  The  first  fraction  distilling  at  about  180°  bas  a  pleasant  odor, 
the  higher  fractions  are  camphoraceous  but  not  agreeable.* 

4.15.    OH  of  Artemisia  Vulgaris. 

Artemisia  vulgaris  L.  (Ger.  Beiwss)  is  a  common  weed  found  along 
hedges  and  roadsides  and  contains  volatile  oil  in  all  its  parts,  the  root 
yielding  0.1  p.  c,  the  herb  0.2  p.  c. 

The  root  oil  is  greenish-yellow,  butyraceous,  crystalline.8  It  has  a 
nauseating,  bitter  taste,  first  burning  then  cooling. 

The  oil  from  the  herb  is  but  little  characteristic  as  to  odor. 
Sp.  gr.  0.907.  According  to  an  observation  made  in  the  laboratory  of 
Schimmel  &  Co.  it  contains  cineo). 

416.    Oil  of  Estragon. 

Oleum  Drscunciili.  —  Ewlragonttl.—  Essence  d*Bs  ngm. 

Origin.  Estragon  oil,  which  is  used  in  the  preparation  of  aromatic 
vinegars,  is  distilled  from  the  flowering  herb  of  Artemisia  dracunculush. 
The  dry  herb  yields  0.25—0.8  p.  c.j  the  fresh  herb  0.1—0.4  p.  c. 

Properties.  Estragon  oil  is  a  colorless  to  yellowish-green  liquid  of 
peculiar,  anise-like  odor  and  strongly  aromatic,  but  not  sweetish  taste. 
The  sp.  gr.  varies  greatly,  0.900—0.945.  Ad  oil  distilled  from  the  dry 
Thuringian  herb  had  a  sp.  gr.  of  but  0.890.  The  oil  is  dextrogyrate, 
«d=  +  2  to  +9°.    It  is  soluble  in  10  parts  of  80  p.  c.  alcohol. 

Composition.  Estragon  oil  was  first  examined  by  Laurent4  in  1842. 
Upon  oxidation  he  obtained  an  acid  melting  at  175°  which  he  termed 
dragonic  acid.    GerhardtB  (1844)  identified  this  acid  with  anisic  acid 

i)  Bertcht  too  8.  *  Co..  Apr.  188B,  p.  46. 
■')  Berlrlit.  Ton  S.  &  Co..  Apr.  1887,  p.  ST. 
•)  Breti  ft  Elttwon,  Tucbeobncb  far  Chemlkpr  and  Apotheker.  1826,  p.  61. 

•)   LleblR'B  AnnuleTi.  44,  p.  818. 

•}  Compt.  rand.,  lit,  p.  48B;    LleblK'«  Annalen,  33,  p.  401. 


byGoogle 


Oils  of  the  Composite.  688 

and  showed  that  estragon  oil  behaved  toward  reagents  like  anise  oil, 
and  concluded  that  the  two  oils  were  identical.  Since  then  anethol  was 
regarded  as  the  principal  constituent  of  estragon  oil.  When  in  1892 
Schimmel  &  Co.  found  methyl  chavicol  (p-methoxy  allyl  phenol),  the 
isomer  of  anethol  (p-methoxy  propenyl  phenol)  for  the  first  time  in  a 
volatile  oil,  viz.  oil  of  anise  bark,  the  estragon-like  odor  attracted 
attention.  This  suggested  a  new  investigation  of  estragon  oil  which 
showed  that  the  bulk  of  this  oil  consists  of  methyl  chavicol.1 

Upon  energetic  oxidation,  methyl  chavicol  like  anethol  yields  anisic 
acid,  milder  oxidation  with  permanganate,  however,  yields  homoanisic 
acid.  The  statement  by  Qerhardt  that  the  acid  obtained  by  the  oxid- 
ation of  anise  oil  was  anisic  acid  was  correct,  but  his  conclusions  were 
wrong. 

Somewhat  later  (1893)  Grimaux1  likewise  found  methyl  chavicol  in 
estragon  oil  and  named  it  estragol. 

The  properties  and  derivatives  of  methyl  chavicol  are  described  on 
p.  179.  In  addition  to  the  inactive  methyl  chavicol,  estragon  oil  con- 
tains several  other  constituents  to  which  the  optical  activity  of  the  oil 
is  dne,  but  these  have  not  yet  been  examined. 

417.    Oil  of  Levant  Wormseed. 

Origin.  The  unexpanded  flowers  of  Artemisia  maritime  var.  atech- 
rnunni  are  used  as  a  popular  anthelmintic.  The  bulk  of  the  levant 
wormseed  is  used  in  the  manufacture  of  santonin,  whereby  the  oil  was 
obtained  as  by-product.  Since  the  manufacture  of  this  by-product  has 
been  dropped  the  price  of  the  oil  has  risen  and  its  consumption  decreased. 
To  this  circumstance  should  be  added  that  the  principal  constituent  of 
the  oil,  the  cineol  or  eucalyptol,  can  be  had  pure  and  at  a  low  price. 
The  yield  varies  from  2 — 3  p.  c. 

Properties.  Oil  of  levant  wormseed  is  a  yellowish  liquid  possessing 
the  camphoraceous  odor  of  cineol,  but  also  the  unpleasant  by-odor 
characteristic  of  the  drug.  Sp.  gr.  0.915—0.940.  The  oil  is  slightly 
laevogyrate. 

Com  position  .  Up  to  1884  oil  of  levant  wormseed  had  been 
repeatedly  examined  but  the  results  were  unsatisfactory  because  they 
were  more  or  less  contradictory,  particularly  those  pertaining  to  the 
dehydration  products  of  the  constituent  CioHigO.     Whereas   V6lckela 

I)  Rerlebt  von  M.  *  Co.,  Apr.  18S3,  p.  IT. 

>)  Compt.  rend.,  117,  p.  lOSfl. 

■I  Lleblg'a  Annalen.  88.  p.  110:   ST.  p.  813:  89,  p.  858. 
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(1841,  1853  and  1854),  Hirzel*  (1854),  Kraut  and  Wahlfon»»  (18G4) 
and  Graebe8  (1872)  claimed  that  phosphoric  acid  anhydride  produced 
a  hydrocarbon  CioHia,  Faust  and  Homeyer4  (1874)  showed  that  this 
hydrocarbon  "cynene"  was  identical  with  cymene,  C10H14.  These  con- 
tradictory points,  however,  were  cleared  up  by  two  contributions 
published  at  almost  the  same  time,  viz.  those  of  Wallach  and  Braes' 
and  Hell  and  Stiireke.9 

Wallach  and  Brass  were  the  first  to  isolate  the  oxygenated  con- 
stituent in  a  pure  state,  by  making  its  hydrogen  chloride  addition 
product  and  decomposing  this  with  water.  This  substance,  which  they 
called  cineo),  is  dehydrated  by  hydrogen  chloride  or  benzoyl  chloride 
yielding  a  terpene,  cynene,  which  later  was  termed  dipentene.  They 
also  showed  that  dipentene  under  the  influence  of  concentrated  sulphuric 
acid  or  phosphorus  pentachloride  yields  cymene.  This  explains  the 
contradictory  statements  of  earlier  cheraiste  who  according  to  the 
strength  and  character  of  the  dehydrating  agents  obtained  a  mixture 
in  which  either  dipentene  or  cymene  predominated. 

In  addition  to  cineol,  the  oil  contains  an  unknown  hydrocarbon, 
either  a  terpene  or  cymene,  the  boiling  point  of  which  lies  very  close  to 
that  of  cineol ;  alBO  an  oxygenated  substance  boiling  higher  than  cineo 
and  optically  laevogyrate. 

418.    Oil  of  Wormwood. 

Oleum  Absynthll.  —  Wernmtol.  —  Essence  4'Absjnthe. 

Origin  and  History.  Artemisia  absinthium  L.  is  indigenous  to 
many  European  countries  and  has  been  introduced  into  North  America. 
For  commercial  purposes  the  plant  is  frequently  cultivated. 

The  distilled  oil  of  wormwood  was  known  to  Porta  about  1570, 
who  called  attention  to  its  blue  color.  It  was  first  examined  by 
Hoffmann  in  1722  and  recommended  by  htm  for  medicinal  purposes. 
It  was  also  examined  by  Geoff roy  (1721),  KunzemUller  (1784),  Buchholi 
(1785),  and  Margueron  (1798).  In  the  price  ordinances  it  occurs  in 
that  of  Frankfurt  for  1587,  also  in  the  Dispensatorram  Noricmn 
of  1589. 

Preparation.  Whereas  the  French  oil  formerly  controlled  the 
market,  it  is  now  replaced  more  and   more   by   the  cheaper  but  less 

i)  Jahrwb.  I.  Cnemle,   1831.  p.  691;  *)  Boricbte,  7,  p.  1439. 

18SS.  p.  Sno.  •)  UeblK'a  Animlen.  390,  p.  391. 

i)  Ueblg'i  Annnl?n,  12H,  p.  398.  *)  BerlchM.  17.  p.  1970. 
*)  Berlchte,  S,  p.  680. 
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prized  American  oil  from  New  York  (Wayne  Co.),  Michigan,  Nebraska 
and  Wisconsin.  Similar  in  quality  to  the  French  are  the  Spanish  and 
Algerian  oils,  also  the  oil  prepared  in  small  quantities  on  Corsica.  The 
Russian  oil  which  for  a  time  was  to  be  had.  has  again  disappeared 
from  the  market.  The  consumption  of  wormwood  oil  has  decreased 
considerably,  due  possibly  to  the  toxic  properties  of  the  oil  to  which 
attention  has  been  directed. 

From  the  fresh  herb  cultivated  in  Germany  %  p.  c.  of  oil  at  most  is 
obtained,  which  at  first  is  dark  brown,  the  color  changing  to  green 
after  prolonged  exposure  to  the  air. 

Properties.  Oil  of  wormwood  is  a  somewhat  viscid  liquid  of  a 
dark  green  or  occasional  blue  color.  It  has  the  not  pleasant  odor  of 
the  plant  and  a  bitter,  grating  and  persistent  taste.  8p.  gr.  0.925— 
0.955.  On  account  of  the  dark  color  the  angle  of  rotation  cannot  be 
determined.  Inasmuch  as  the  principal  constituent  of  the  oi),  the 
thujone,  is  strongly  dextrogyrate,  the  oil  itself,  must  be  dextrogyrate. 
The  oil  is  soluble  to  a  clear  solution  in  2 — 4  p.  of  80  p.  c.  alcohol. 

Composition.  The  first  chemical  examination  of  the  oil  was  made 
by  Leblanc l  in  1845.  After  repeated  rectification  over  lime,  he  obtained 
a  principal  fraction  boiling  at  205°  which  had  the  composition  CioH ioO. . 
By  treating  this  with  phosphoric  acid  anhydride  be  obtained  a  hydro- 
carbon C10H14.  These  results  were  confirmed  by  the  later  investigations 
of  Cahours*  (X847),  Scbwanert"  (1863)  and  Gladstone*  (1864). 
Beilstein  and  KnpfferB  (18TB)  called  the  substance  do-HieO  absynthol 
and  identified  its  dehydration  product  with  cymene-  They  also  verified 
Gladstone's  statement  that  the  high  fraction  270 — 800°  is  identical 
with  the  corresponding  fraction  of  oil  of  chamomile. 

By  washing  the  various  fractions  with  aqueous  potassa,  Beilstein  and 
Kupffer  obtained  an  acid,  the  barium  salt  of  which  indicated  acetic  acid. 

The  identity  of  absynthol  with  tanacetone  or  thujone  was  pointed 
oat  by  Seramler0  (for  properties  see  p.  167). 

Fritzsche  Bros.'1  recently  examined  an  oil  distilled  in  their  Garfield 
laboratories.    The  thujone  was  removed  as  completely  as  possible  by 

i)  Compt.  rend.,  31,  p.  870;  Ann.  de  Calm,  et  Pay*.,  Ill,  IS,  p.  888:  Cheta. 
Cratralbl.,  1840,  p.  S3. 

»)  Compt.  rend..  35,  p.  735. 

•)  LleblK's  Anosleu.  13S,  p.  110. 

*)  Jouru.  Chum.  Sou..  17,  p.  1 ;  J abmti.  I.  Chom..  1888,  p.  549. 

■)  Uebig'i  Annnlsn,  170,  p.  390. 

•)  Berieht*.  30,  p.  S850.  Gomp.  also  Ibid..  37,  p.  805,  and  Barlcnt  Yon  S.  *  Co., 
Oct.  1804,  p.  51 ;   and  WalUch,  Llsbift'i  Annalen,  386,  p.  08. 

»)  Bwlctat  von  3.  A  Co.,  Apr.  1807,  p.  Dl. 
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means  of  sodium  acid  sulphite  solution  and  alcohol,  and  the  remaining 
oil  saponified  with  alcoholic  soda.  The  saponified  oil  was  distilled  with 
water  vapor,  but  a  viscid  residue  remained  which  was  only  partly 
soluble  in  ether.  The  portion  not  soluble  in  ether  proved  to  be  the 
sodium  salt  of  an  acid  which  was  identified  with  palmitic  acid  by 
means  of  ita  melting  point  and  the  analysis  of  ite  silver  salt.  Of  the 
volatile  acids  acetic  and  isovalerianic  acids  were  identified. 

The  saponified  oil  was  distilled  in  vacuum  and  the  lower  boiling 
portions  fractionated  under  ordinary  pressure.  A  small  fraction  158 — 
168°  resulted  in  which  the  presence  of  phellandrene  was  demonstrated. 
An  attempt  to  prepare  pinene  uitrosochloride  resulted  in  the  formation 
of  the  characteristic  blue  color  and  a  few  crystals  were  obtained,  but 
the  amount  was  too  small  to  make  possible  the  identification  of  pinene.1 

Fraction  200 — 203°  was  found  to  consist  of  thujone  which  cannot 
be  removed  completely  from  the  oil  by  means  of  the  bisulphite.  It  was 
characterised  by  means  of  the  bisulphite  addition  product,  also  by  ite 
tribromide  melting  at  121 — 122°.  Neither  of  these  compounds  could  he 
obtained  from  the  following  fraction  210 — 215°  which  was  shown  to  be 
of  alcoholic  nature  by  means  of  acetyliaation  and  subsequent  saponifi- 
cation. Careful  oxidation  with  chromic  acid  converted  it  almost 
completely  into  thujone,  thus  demonstrating  the  presence  of  thujyl 
(tanacetyl)  alcohol. 

In  the  higher,  fairly  large  fraction  260—280°  the  presence  of  cadinene 
was  demonstrated  by  means  of  the  hydrochloride  melting  at  117 — 118°. 

By  saponification  of  the  original  and  of  the  acetyl  used  oil  it  was 
shown  that  the  oil  contains  17.6  p.  c.  of  thujyl  acetate  (=13.9  p.  c.  of 
thujyl  alcohol)  and  24.2  p.  c.  of  total  thujyl  alcohol  (free  and  combined). 

Oil  of  wormwood,  therefore,  consists  of  the  following  substances: 
1)  thujone,  CioHisO;  2)  thujyl  alcohol,  CiuHisO,  free  and  combined 
with  acetic,  isovalerianic  and  palmitic  acids;  3)  phellandrene  and 
possibly  pinene;  4)  cadinene;  o)  blue  oil,  the  elementary  composition 
of  which  has  not  yet  been  definitely  determined. 

Examination.  Oil  of  wormwood  is  principally  adulterated  with 
turpentine  oil.  Inasmuch  as  oil  of  wormwood  itself  contains  but  little 
of  this  terpene,  its  presence  is  readily  ascertained.  If  a  first  fraction  of 
10  p.  c.  is  distilled  over,  this  should  be  soluble  in  2  p.  of  80  p.  c. 
alcohol. 


■)  Wright  (1874)  (Plmrm.  Jourii.,  Ill,  5,  p.  2MB)  found  two  hydrocarbon*  In  Ib« 
oil.  tba  one  boiling  at  ISC,  the  other  between  170—  1B0".  Brflhl  (1SSS)  <Berkhtr.  21. 
p.  156)  la  ol  the  opinion  that  the  phytlcal  properties  mentioned  by  Gladstone  Indicate 
d-plnene. 
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419.  Oil  of  Artemisia  Guillen. 
According  to  Heckel  and  Schlagdenhauffen '  (1885),  Artemisia 
gnllica  Willd.j  which  is  widely  distributed  throughout  France,  contains 
ben  idea  santonin  1  p.  c.  of  volatile  oil.  lu  its  preparation  a  email 
amount  of  a  crystalline  substance  (camphor?)  was  obtained.  Concerning 
the  composition  of  the  oil  nothing  is  known. 

420.    Oil  of  Artemisia  Barrelled. 

The  oil  distilled  from  the  flowering  herb  of  Artemisia  barrelieri  Bess, 
is  used  in  Spain  as  a  popular  remedy  against  colic,  and  hysteric  and 
epileptic  attacks.  It  is  also  said  to  be  used  in  the  preparation  of 
Algerian  absynthe. 

The  odor  is  pleasant,  strong,  aromatic  and  reminds  strongly  of 
tansy."  Sp.  gr.  0.928.  It  boils  between  18ff-210°  and  consists  almost 
entirely  of  thujone,8  thus  explaining  its  similarity  to  wormwood  and 
tansy.  If  it  could  be  obtained  in  large  quantities  it  would  be  admirably- 
suited  for  the  preparation  of  pure  thujone. 

421.  Oil  of  Artemisia  Gladalls. 
The  dry  herb  of  Artemisia  glacialieh.  (Oenepi  des  Alpes)  (Ger.  Alpen- 
beifcss,  Genepikrant)  yields  upon,  distillation  0.15—0.3  p.  c.  of  volatile 
oil  with  a  strongly  aromatic  odor.  Sp.  gr.  0.964  at  20°.  It  boils 
between  195  and  310°.  At  0°  it  solidifies  to  a  butyraceous  mass  due 
to  the  presence  of  a  fatty  acid  melting  at  16°.* 

422.    Oil  of  Plreweed. 

Erechthitis  hiemcifolia  Raf.  is  frequently  found  wild  in  burned  forest 
district*,  hence  the  name.  According  to  Todd"  its  sp.  gr.  is  0.845 — 0.855, 
according  to  Power8  0.838  at  18.5°.  It  is  either  dextro-  or  laevo- 
gyrate,  «d=- 2  to  +2°.* 

According  to  Beitstein  and  Wiegand7  (1882)  the  oil  consist*  princi- 
pally of  a  terpene  boiling  at  172°,  sp.  gr.  0.838  at  18.5°  which  absorbs 
a  molecule  of  hydrogen  chloride  without  forming  a  crystalline  derivative. 
Fraction  240—310°  also  has  the  elementary  composition  CioHie.  The 
fractions  boiling  above  190°  are,  according  to  Power,  polymerization 
products  due  to  boiling. 

i)  Compt.  rend.,  100,  p.  804.  >)  Am.  Joarn.  Pharm.,  S9.  p.  813. 

>>  Bcrleht  von  S.  *  Co.,  Oct.  1889.  p.  58.  ■>)  Pharm.  Raudsrbau,  5.  p.  301. 

•)  Boricht  von  8.  ft  Co.    Oct.  1804,  p.  SI.  M  Berlchte,  IS,  p.  38S4. 
*)  Bcrleht  tod  3.  *  Co.,  Apr.  1889,  p.  48. 
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423.    Oil  of  Petaaites  Officinal  is. 

PetaBitee  officinalis  Moench,  (Ger.  Peatwurz),  yields  upon  distillation 
0.1  p.  c.  of  volatile  oil  which  does  not  form  a  clear  eolation  with  even 
10  parte  of  90  p.  c.  alcohol.    8p.  gr.  0.944;  «D  =  +2°18'. 

424.    Oil  of  Arnica  Root. 

Origin  and  Properties.  This  oil  ie  obtained  from  the  freshly  dried 
root  of  Arnica  montana.  L.,  with  a  yield  of  0.5 — 1  p.  c.  It  is  at  first 
light  yellow  in  color  and  darkens  with  age.  It  has  an  odor  reminding 
of   radish,   and    a    pnngent    aromatic  taste.      Sp.   gr.   0.990—1.000; 

Composition.  Arnica  root  oil  was  first  examined  by  Wall1  in  1861, 
who  claimed  to  have  found  capronic  and  caprylic  esters  in  the  oil  and 
capronic  and  caprylic  acids  in  the  aqueous  distillate.  Entirely  different 
results  were  obtained  by  Sigel*  in  1873.  He  found  isobutyric  acid  in 
the  aqueous  distillate,  also  traces  of  formic  acid  and  a  small  amount 
of  an  acid  the  silver  salt  of  which  gave  results  agreeing  with  either 
angelic  or  valerianic  acids. 

The  oil  boiled  between  214  and  263°  with  decomposition,  leaving  a 
brown  resinous  residue. 

For  the  investigation  of  the  individual  constituents  the  oil  was 
saponified  with  alcoholic  potassa,  and  the  alkaline  solution  neutralized 
with  dilute  sulphuric  acid.  A  phenol,  b.  p.  224—225°,  and  sp.  gr. 
1.015  at  12°  was  thus  obtained,  the  elementary  analysis  of  which  agreed 
with  the  formula  CsHioO.  Sigel,  therefore,  regards  the  substance  as 
phlorol  (ethyl  phenol)  without,  however,  bringing  any  proof.  The  ethyl 
ether  of  this  phenol  is  a  colorless  liquid  of  agreeable  aromatic  odor, 
sp.  gr.  0.9323  at  18°  and  b.  p.  215—217.°  The  alkaline  liquid  also 
contained  isobutyric  acid,  thus  rendering  the  presence  of  isobutyric  acid 
phloryl  ester  in  the  original  oil  probable 

The  oil  separated  from  the  alcoholic  alkaline  solution  by  means  of 
water  boiled  between  224 — 245°  and  upon  oxidation  with  chromic  acid 
yielded  thymoquinone,  CioHuOg.  When  heated  with  hydriodic  acid  in 
a  sealed  tube,  methyl  iodide,  thy  mo  hydro  qui  none,  CioHi«Os,  and  a 
phenol  boiling  at  225—226°  and  of  the  composition  of  phlorol,  CgHioO, 
were  obtained.  These  results  indicate  the  presence  of  hydrothymo- 
quinone  methyl  ether  and  phloryl  methyl  ether  in  the  oil. 

.,  IE,  p.  339;   ArchlT  d.  Pbftrnt..   IBS,   p.   1;    Jahraab.  I. 
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According  to  Sigel  the  oil  of  arnica  root  consists  one-fifth  of  iso- 
butyric  acid  phloryl  ester,  the  remaining  four-fifths  consisting  largely 
of  the  methyl  ether  of  hydrothymoquinone  and  of  a  small  amount  of 
the  methyl  ether  of  a  phtorol. 

4-25.    Oil  of  Arnica  Flowers. 

Origin  and  Properties.  The  flowers  of  Arnica  montaaa  L.  give 
upon  distillation  a  small  yield,  0.04—0.07  p.  c,  of  oil.  It  is  of  a 
reddish-yellow  to  brown  color  and  has  a  strong  aromatic  odor  and 
taste.  At  normal  temperature  it  is  usually  a  butyraceous  mass,  some- 
times, however,  it  congeals  only  when  cooled.  In  one  instance l  the 
sp.  gr.  was  found  0.906  at  15°;  in  another8  0.900  at  25°;  a  third  oil 
had  the  sp.  gr.  0.8977  at  15°.  Acid  number  75.1,  saponification  number 
29.9.    It  was  not  completely  soluble  in  10  parts  of  90  p.  c.  alcohol. 

Composition.  The  oil  has  not  yet  been  examined.  In  the  petroleum 
ether  extract  Bornera  found  lauric  and  palmitic  acids,  also  hydro- 
carbons of  the  paraffin  series.  Inasmuch  as  these  three  substances  are 
volatile  with  water  vapor  they  must  be  contained  in  the  oil,  and  are 
undoubtedly  the  cause  of  its  congealing.  Schimmel  &  Co.  isolated  an 
acid  melting  at  61°  from  the  oil. 

426.    Oil  of  Costus  Root. 

Origin.  The  root  of  Saussarea  lappa  Clarke  (Aplotaxis  lappa 
Decaisne,  A.  auriculatn  D.  C,  Auckl&ndia  costus  Falconer)  was  known 
to  the  Greeks  as  koptoc  and  was  used  in  the  preparation  of  a  fragrant 
ointment.  The  plant  is  indigenous  to  the  northwestern  Himalaya 
mountains  and  grows  at  an  altitude  of  7,000  to  13,000  ft.  The  root 
is  fully  developed  m  fall  and  is  collected  in  September  and  October.  In 
Cashmere  as  much  as  2  million  lbs.  are  said  to  be  collected  annually. 
They  are  used  principally  to  protect  the  Cashmere  shawls  against  insects. 
Large  quantities  of  the  root  are  also  exported  to  China  where  they  are 
used  as  incense  under  the  name  of  Putchue.  Upon  distillation  the  root 
yields  0.8—1  p.  c.  of  volatile  oil. 

Properties.  The  oil  of  costus  root  is  viscid  and  of  a  light  yellow 
color.*  The  odor  reminds  first  of  elecampane6  and  later  of  violet.  The 
oil  from  old  roots  sometimes  has  an  unpleasant  odor.  Sp.  gr.  0.982  to 
0.987 ;  a„  =  + 15  to  + 16°.    The  oil  begins  to  boil  at  275°.     About 

i)  Bi'rfcht  von  a.  &Co.,  Out.  1889,  p.  5.  *)  Bericht  ron  S.&Co..  Apr.  1896,  p. 42. 

')  Bericht  ron  8.  &Co..  Oct,  1891.  p.  4.  ■)  Elecampane   wo*  lined  daring  aotl- 

»)  Inaog.-Dlieertatlon.    Eriamwn,  1892.        qultj  as  adulterant  ol  contns  root. 
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half  passes  over  by  315°  when  complete  decomposition  sets  in.  By 
treatment  with  soda  lye  a  part  of  the  oil  is  dissolved  and  is  again  set 
free  from  the  aalt  solution  by  means  of  acids.1 

4.27.    Oil  of  Carllne  Thistle. 

The  root  of  Carlina  aeaulis  L.  (Ger.  Ebernurz)  yields  upon  distillation 
1.5 — 2  p.  c.  of  an  oil  with  a  narcotic  odor,  and  sp.  gr.  1.080  at  18°. 
Upon  distillation  under  ordinary  pressure,  one-half  passes  over  between 
285— 300°,  then  decomposition  and  complete  resiniflcation  sets  in.1 

By  distillation  over  sodium  in  a  vacuum,  Semmler8  isolated  a 
fraction  139 — 141°  (20  mm.)  which  was  a  hydrocarbon  of  the  com- 
position (CnHs)x  (b.  p.  under  ordinary  pressure  250—258°).  According 
to  its  boiling  point  it  might  be  a  sesquiterpene,  but  for  such  its  sp.  gr.. 
0.8783  at  22.8°,  is  low  (sp.  gr.  of  all  known  sesquiterpenes  0.90—0.92) 

The  principal  constituent  of  the  oil  is  an  oxygenated,  specifically 
heavy  substance  boiling  at  169—171°  under  21  mm.  pressure.  The  oil 
also  contains  a  substance  which  separates  in  white,  shining  laminae 
upon  cooling. 

428.    Oil  of  Spha.era.nthna  Indicns. 

The  composite  Sphaeranthus  indicus  L.  with  its  rose-like  odor  is 
used  in  India  as  a  medicine.  According  to  Dymock*  (1884)  it  yields 
upon  distillation  a  dark  red,  viscid  oil  which  is  rather  soluble  in  water. 
From  150  lbs.  of  the  fresh  herb  about  %  oz.  of  oil  was  obtained. 


OIL  OP  UNKNOWN  BOTANICAL  ORIGIN. 

429.    OH  of  Anise  Bark. 

As  anise  bark  Schimmel  &  Co.  obtained  in  1891  a  bark  from 
Madagascar,"  which  resembled  massoy  bark  in  exterior  appearance, 
but  differed  materially  as  to  odor.  The  aroma  was  more  anise-  than 
eetrtig on-like,  and  reminded  somewhat  of  safrol.  The  supposition  of  the 
importer  that  it  is  the  bark  of  the  star-anise  tree  is  not  probable. 
inasmuch  as  Ilikium  veram  does  not  occur  on  Madagascar.  It  may  be 
the  baric  of  another  species  of  Illicium,  possibly  of  /.  parvitiorum  Uichx., 
which  is  reputed  to  have  a  sassafras-like  odor.     Upon  distillation  the 

i>  Berlcht  ran  8.  ft  Co..  Apr.  1 803.  p.  41.        *}  Pharm.  Jooro.,  III.  14,  p.  885. 
'  *)  Berlcht  von  8.  4  Co  ,  Apr.  1889.  p.  44.        »>  Berlcht  von  S.  ft  Co..  Apr.  1883.  p.  40. 
>)  Cheralker-Zeltung,  18,  p.  1108. 
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anise  bark  yielded  3.5  p.  C.  of  a  light  yellow  oil  of  anise-like  odor  but 
without  a  sweet  taste.  Sp.  gr.  0.969;  «d=—  0°46'.  In  addition  to 
small  amounts  of  anethol,  the  oil  consisted  largely  of  methyl  ehavicol, 
which  had  been  prepared  artificially  by  Eykman. 

430.    OU  of  Quipita  Wood. 

This  Venezuelan  wood  is  of  a  light  color,  dense  in  texture  but  not 
very  hard,  and  enters  commerce  in  billets  several  meters  in  length  and 
5 — 20  cm.  in  diameter.  The  thicker  stems  have  a  thin,  white  outer  bark 
and  some  what  resemble  birch  stems ;  the  bark  of  the  younger  stems  is 
grayish-brown. 

Upon  distillation  of  the  rasped  wood,  Schimmel  &  Co.1  obtained 
1  p.  c.  of  a  light  yellow  oil,  with  terebinthinate  odor.  Sp.  gr.  0.334; 
od  =  —  34°  31'.  Saponification  number  of  the  original  oil  2.9;  after 
acetylization  40.2.  This  shows  that  in  addition  to  a  small  amount  of 
ester  there  are  alcoholic  constituents  in  the  oil. 
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BIBLIOGRAPHIC  NOTES. 


Those  who  desire  further  information  than  that  here  given  concerning 
the  writings  mentioned  in  the  historical  chapters  of  this  work,  or  about 
their  authors,  may  consult  the  historical  appendix  to  Fluckiger's 
Phannacognosie  dee  Pflanzenreiches  and  the  workn  there  mentioned. 
The  translator  desired  to  make  these  bibliographic  notes  more  complete, 
but  time  did  not  permit  to  do  so  at  present. 

Aetiub.  A  Christian  physician,  born  in  Amid,  now  Diarbekr,  on  the 
upper  Tigris,  who  was  educated  in  Alexandria.  Between  540  and -550 
he  wrote  a  medical  treatise  in  sixteen  books  or  section.  The  following 
editions  are  referred  to  in  the  historical  chapters  of  this  work: 

Aefcii  mediei  (rraeci  ex  veteribus  mtdicinae  tetrabibloB.  Kditio  Aldina. 
Veneti  1547. 

AStitui  "fiifiXia.  tax  pud.  JK«u&Ma".  Libri  mediei  nalee  sedecim.  Editio  Aldina 
1588. 

AnbchI^tz,  R.  and  H.  Kbittbb.  Dr.  Anschiitz  was  in  1895  Professor 
of  Chemistry  at  Bonn,  when  Dr.  Beitter  was  laboratory  assistant. 

Die  Dwtillation  no  tar  vermindertem  Prnck  ira  Laboratoiimu.  Zweito  neu 
bearbeitete  Aufiage.    Kin  Bd.,  pp.  IV,  86.    Terl&g  von  Pr.  Cohen,  Bonn,  1805. 

Ababian  Physicians.  The  writings  of  the  Arabian  physicians  and 
scientists  are  preserved  principally  in  a  collective  edition  printed  in  Venice 
in  1502.    The  following  works  are  contained  in  this  volume: 

L'ni  Joanuia  Mesne*  Liber  de'  consolatione  lnedicinarani  Bimplicium  et  cor 
rectione  operationem  earum  canonea  universalis:  com  expositions  preclarissimi 
mediei  magistri  Bondini  de  lentils  felicitur  incipiuut. 

Additionee  Petri  Apponi  mediei  clarissinii,  et  Franciaci  de  Pedemontinm. 

Joannis  Nazareni  filii  HeauB  Grabaddin  medic  in  a  rum  partir.ularinm  incipit. 

Antidotarium  Ntaolai  cum  ex  position!  bns,  et  gioxaiB  clariesimi  magistri 
Platearii. 

Expoeitio  Joannis  de  Santo  Araando  enpra  antidotarrii  Nicolai  incipit 
feliciter. 
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Tractatus  de  synonyrais  quid  pro  qno. 

Liber  Servitoris  seu  libri  XXVIII  Bnkhasin  Ben-aherazeru :  translatus  a 
Sim  one  Januensi:   interprets  Abraamo  Judeo  Tortuosienzi. 

Uni  Saladini  de  escnlo  Servitati  principle  Tarenti  physici  principalis  com- 
pendii  aromatiorum  opus  feciliter  incipit. 

Quae  omnia  snpradicta  hie  flnera  habeut  ad  landam  dei.  Veneti  imprvssa 
anno  Domini  1502,  die  28  Junii. 

The  oldest  single  editions  of  these  works  date  up  to  1471,  about  the 
time  of  the  introduction  of  the  printing  of  books. 

Abkinhon,  George  Wm.  Manufacturer  of  perfumes.  The  following 
works  are  of  A.  Hartleben's  chemisch-technische  Bibliothek. 

Die  Fabrikation  der  atherischen  Oele.  Anleitang  zur  Darstellung  der 
atherischen  Oele  nach  den  Methodeu  d;r  Pressung,  Distillation,  Extraction, 
Deplacirnng,  Maceration  und  Absorption,  etc.  Zweite  vertnehrte  and  verbesserte 
Auflage.  Ein  Bd..  pp.  VIII.  215,  rait  36  Abbildungen.  A.  Hartleben's  Verlag, 
Wien,  1887. 

Die  Parfumerie-Fabrikation.  Vierte.  vermehrte  and  verbesserte  Anflage. 
Ein  Bd.,  pp.  876,  rait  35  Abbildongen.    A.  Hartleben's  Veriag,  Wien,  1895. 

Avenzoab.  (Averrhoes,  Averroes.)  Abul-Welid  Muhammed  Ben 
Ahmed  Ibn  Roschd  el-Haliki  was  born  (1126)  and  educated  in  Cordova. 
A  famous  Arabian  philosopher  and  physician.  Of  his  numerous  works 
the  following  is  referred  to  on  p.  19. 

Liber  Theizir  Dahalmodana  Vahaltadabir  prooetuium  Averrhoi  Cordnbeneis 
ab  Jacobo  Hebraeo.    Anno  1281.    Colliget  Veneti  1558. 

Ayurvedas.    See  Busruta. 

Bergmans,  Torbebn.    Swedish  chemist,  born  1735,  died  1784. 
De  primordiis  chemiae.    Upaala  1779.    Editio  Hebenstreit.    Lipsiae  1787. 
Historiae    chemiae    medium    sen    obscurum    aevum.      Editio    Hebenstreit. 
Lipsiae  1787. 

Bebsoniub. 

Jacobi  Bessonh,  De  absoluta  ratione  ext.rahendi  aquas  et  olea  ex  inediea- 
mentis  simplicibaa  a  quodam  empirieo  accepta  et  a  Bassonio  locnpletata, 
experiments  conflrmata.    Tiguri  1559.  —  French  edition,  Paris  1578. 

Boerhaave,  Herma.nn.  Born  1668  near  Leiden.  Since  1709  Pro- 
fessor of  medicine,  botany  and  chemistry  at  Leiden.    Died  there  1738. 

Elements  chemiae,  quae  anuiversario  labore  docnit,  in  publicis,  privafcisqne 
scholis.  Herman  mis  Boerhaave.  Tomus  primus,  qui  continet  hiatoriam  et  artis 
theoriam.  Tomae  secundus.  qui  continet  operations*  chemicas.  Lugduni  Ba- 
tavorum  1732  —  Londini  1732  et  1735  —  Parish  1732,  1738.  1758  — Lipsiae 
1732  —  Baaileae  1745  —  Veneti  1745  et  1759. 
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BORNEMANN,  GeORO. 

Die  flflehtigen  Oele  des  Pflanienreichs,  ihr  Torkommen,  ihre  Gewinnnng  and 
Eigenachaften,  ihre  Dntersnchung  und  Verwendung.  Ein  Bd.,  pp.  XII,  441,  mit 
einem  Atlas  von  8  Foliotafeln,  entbaltend  88  Abbildungen.  Verlag  von  B.  V. 
Yoigt.    Weimar  1891. 

Brukfels,  Otto.  1488—1534.  Carthusian  friar,  then  teacher  in 
Straesburg,  died  as  pity  physician  in  Basel. 

Spingel  der  Anna.  Strasabnrg  1582.  —  Reformation  der  Apotheken.  Strasa- 
bnrg  1536. 

Bbunschwig,  Hieronyuds.  About  1450—1580.  Bom  in  Straesburg, 
physician. 

Liber  de  arte  distil  land i.  For  the  complete  title  see  title  pagea  of  both 
volumes  on  pp.  28  and  25,  reproduced   half  Rise. 

BUSGHABT,  G.  H. 

Die  zitm  aHgeraeinen  Qebranch  wohl  eingeriehtete  Destillirkunet.  Aucb  die 
Bereitung  verachiedener  destillirter  WSsaer  und  Oele.  Von  0.  H.  Bnrghart. 
Breelaa  1736.  —  Neue  Auflage  mit  vielen  Zua&tsen  von  f.  Christian  Wiegleb. 
1754. 

Das  Brennen  der  Wasser,  Oele  und  Geister.  Wohleingerichtete  Deatillirkimat 
ond  uem;  Zneatse.    Ton  G.  H.  Bnrghart.    Breslan  1748. 

Cartheuser,  Joh.  Friedr.  1704—1769.  Professor  of  medicine, 
botany  and  chemistry  at  the  University  of  Frankfurt-on-the-Oder.  His 
contributions  on  volatile  oils  are  contained  in  the  following  works : 

Fundamenta  inateriae  inedicae.  Francofurt.  ad  Viadr.  1788  and  Paris 
edition  1752. 

Elementa  Chymiae  dogmatieo-ex  peri  men  talis,  una  cum  avnopsi '  Materiae 
medicae  selections.    Haloe  1736.    Editio  secuuda  priore  longe  emendatior. 

Dissertatlo  chymico-phyaica  de  genericis  quibusdam  plantaram  principle 
bactenus  neglectia.     Francof.  ad  Viadr.  1754.     Editio  secnnda  1764. 

Diesertatio  phyaico-chemica  medica  de  qnibuadam  Materiae  medicae  subjectia 
exarat.  ac  publice  habet  nunc  iter,  rettna.    Francof.  ad  Viadr.  1774. 

Disaertatio  nee  nonnuuW  selectiorea  phyaico-chemicae  ac  medicae.  varii  argn- 
menti  post  novam  lustration  em  ad  prelum  revocat.     Francof.  ad  Viadr.  1778. 

Pbarmacologia  theoretico-practica  praelectionibusauademicisaecommodata. 
Berolini  1745. 

Chabaka.    Bee  Snsruta. 

Cohdus,  Valerius.  Born  1515  near  Erfurt,  died  1544  in  Rome. 
See  pp.  27  and  30.  His  lectures  on  Dioscorides  were  published  after 
his  death  and  reedited  by  Conrad  Gesner  with  the  following  title: 

In  hoe  volumine  eontinentnr  Valerii  Cordi  Simesueii  AnnototJonea  in  Pedacii 
Dioecoridia  Anazarbei  de  medica  materia  libroa  qui  nq  lie  longe  alias  quam  antes 
sunt  hat  sunt  evulgatae. 
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Ejuadem  Val.  Cordi  Hietoriae  etirpinm  libri  quatuor  poethumi  nunc  primuin 
in  lucem  editi,  adjectis  etiam  stirpium  iuonibutt  et  brevissimia  Annotatiuuenlis. 
Sylva  qua  reram  fossilium  in  Ger  mania  plnriinarum.  Metallorum,  Lapidura  et 
Stirpium  aliquot  rariortim  noticiam  breviaaime  pereequitur,  nunc  hactenna  vina. 

I)e  artiflciosie  extractionibne  liber.  —  Compositionea  mediciualee  aliquot  non 
vulgarea.  —  Hie  aceedunt  Stockhornii  et  Newt  in  Bernatiam  Helvetiorum  didoue 
montium,  et  naacentinm  in  eis  atirpium,  descriptio  Benedict!  Aretii,  Graecae  et 
Hubraicae  linguarnm  in  achola  Bernensi  proFeaHoria  clariaaimi.  Item  Conradi 
Geaneri  !>e  Hortia  Germaniae  liber  recena  una  cum  description?  Tutipae  Tur- 
carnm,  Chamaecerasi  montani,  Chamaeopiti,  Cnamaoiierii  et  Conizoidis. — Omnia 
suinmo  atudio  atque  induntria  doctiaaima  atque  ezcetlentie  viri  Coiir.  Gesneri 
medici  Tignriui  collecta  at  praefationibna  itluetrata.  —  1561  Argentorati  excude- 
bat  Joeias  Ribeliue. 

An  earlier  edition  referred  to  on  p.  65  bears  the  following  title: 

Valerii  Cordi  Annotation ea  in  Pedacei  Dioacoridie  de  Materia  roedica  libros 
quinque.  Liber  de  artiiteioaia  extraction ibua.  Liber  II.  De  daetillatione  oleo- 
rum.    Anno  dei  1540. 

The  title  of  the  pharmacopoeia  compiled  at  the  request  of  the 
Niirnberg  council  and  published  1546  is: 

Pharmacoruin  omnium,  quae  quidem  in  usu  aunt,  conflciendorum  ratio. 
Ynlgo  vocant  Diapenaatorium  phannacopolarum.  Ex  omni  genera  bonorom 
anthorum,  cum  return m  turn  recentiumcollectum.  et  acholiia  ntiliaaimie  illustra- 
tum  in  qui  bus  obiter,  plurium  aimplicium,  hactenus  non  cognitorum  vera 
noticia  traditur.  Authors  Valerio  Cordo.  Item  de  collectioiie  repositions  et 
duratione  aimplicium.  De  adulterationibua  qnoruudam  aimplicium.  Simplici 
aliquo  absolute  scrip  to,  quid  ait  acefpiendum,  'AvTiftaXkofuya,  id  est,  Saocedanca, 
sive  Quid,  pro  Quo.  Qualem  virum  Pharmacopolam  eaae  conveniat.  Cum  indiee 
copioso.    Norimbergae,  apud  Job.  Petraium. 

Other  editions  of  this  Dispensatorium  Noricum  used  in  the  com- 
pilation on  p.  32  are  enumerated  on  p.  51,  footnote  3. 

CONRINGIUS. 

Hcrmannna  Conringiua,  De  hermetica  Aegyptiorura  vetere  et  Paracelsionim 
nova  medicina  libri  duo.    Helmstadt  1648. 

Crato  von  Kbaffthehh. 

Coueiliorum  et  epiatolarum  libri  vii.    Francofurti  1389. 

C.  C.  CONRATHH, 

Medulla  deatillatoria  et  medica,  oder  Bericht.  wie  man  den  Spiritns  vini  tor 
Exultation  bringen  soil.     Leipzig  1549. 
Dbmachv. 

Laborant  im  Groaaeii  Oder  die  Kunet  die  cheimacheu  Producte  fabrikmaasig 
zu  veriertigen.  Ana  dam  Franzfisiachen  uberaetit,  mit  Zuaatien  veroehen  von 
Samuel  Hahnemann,  dt-r  Arzneikundu  Doctor  und  Phvsikos  dee  Am  tea  Qommern. 
Leipzig  1784. 
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Dejsas. 

Traits  rainonne'  de  la  destination,  ou  la  destination  reduiteen  principal  a vec 

un  traits'  des  odeurs.    Par  Dejean.    Paris  1.753.— German  edition,  Altenburg  1754- 

Traitf  den  odeurs.  Suite  dn  trait*!  de  la  destination.     Par  Dejean.    Paris  1764. 

DestillirbPchek.  See  p.  24.  Also  Brunschwig,  Ulstad  and  Ileiff. 
For  more  recent  works  see  Burgh  art,  Dejean,  and  Deniachy, 

Dioscorideh.  Pedanius  Dioseorides  is  the  first  medical  writer  of 
importance  of  tbe  Christian  era.  He  was  born  about  the  beginning  of 
the  first  century  in  Anazarbus  in  the  southeastern  part  of  Asia  Minor. 
In  the  capacity  of  a  physician  he  traveled  with  the  Roman  army.  His 
"Materia  Medics."  written  in  the  second  half  of  the  first  century  is  the 
most  thorough  work  of  its  kind  produced  in  antiquity.  It  was  regarded 
as  authority  throughout  the  middle  ages.  Even  during  Luther's  time 
it  was  made  the  basis  for  lectures  and  printed  commentaries,  e.  g.  by 
Melanchthon  and  Valerius  Cordus  at  the  University  of  Wittenberg  about 
the  middle  of  the  sixteenth  century. 

Dioscorides'  most  important  writings  are  his  five  books  "De  materia 
medica,"  and  his  "Alexipharmaca  et  theriaca,"  remedies  against  vege- 
table and  animal  poisons,  which  were  added  as  books  six  and  seven. 
These  and  others,  more  or  less  apocryphal  writings,  have  been  frequently 
published  and  commented  upon  in  many  languages.  Some  of  the  oldest 
editions  are  to  be  fonnd  in  the  library  at  Leyden.  They  are  a  manu- 
script in  the  Arabic  language,  written  about  the  year  940 ;  a  very  rare 
Greek  edition  printed  by  Aldum  Manntium  in  Venice  in  1499;  and  a 
Latin  edition  by  J.  Allemanum  de  Medemblich  printed  in  Colle  in  1503. 

Some  of  the  better  translations  and  commentaries  are: 

Pedanii  Dioocoridia  Anaxarbenais :  de  materia  raediea  libri  quinqne.  Jano 
Coronario  medico  phvsico  interprets.    Basiliae  1539. 

Valerii  Cordi  Simesusii  Annotationes  in  Pedaeei  Dioscoridis  Anaearbei  de 
medica  materia  libros  quinqne,  longe  aliae  quam  ante  hac  snnt  emulgatae. 
Ejuadem  Hiutoriae  stirpium  libri  quatuor,  et  de  artiflciosis  extrnctionibus  liber. 
Tigori  1540. 

Valerii  Cordi  Siineauaii  Annotationes  in  Pedanii  Dioscoridis  Anaiarbei  de 
materia  medics  libros  quinqne.  longe  aliae  quam  antea  sunt  haec  sunt  emul- 
gatae.  Ejuadem  historia  stirpiwn  libri  quatnor,  et  de  artiflciosis  extraction ibos 
liber  etc.  Translario  Riillii.  Francofnrtam  nd  Moeuum  1549.  Editio  (lessnerii 
1561. 

Pedauii  Dioscoridis  Anaiarbei  de  inedicinale  materia  medica  libri  sex, 
Joanno  Riiilio  Sueaeioneiisi  interpret*-'.  Accesserunt  priori  edit  ion  i  Valerii  Cordi 
Simisueii  Annotationes  doctissimi  in  Dioscoridis  de  medica  materia  libros  Enricii 
Cordi  judicium  de  herbia  et  simplicibuH  mediciiiae;  ac  eorura  qnae  apnd  medicos 
controverrnntnr  explicabio.    Francofurti  1543. 


»,  Google 


698  Bihliogr&phic  Note*. 

Petri  Andreue  Matthioli  Opera,  quae  extant  omnia.  Comraentarii  in  sex 
libroe  Pedacei  Dioacoridis  de  materia  medica.    Veaeti  1554. 

Petri  Andreas  Matthioli,  Medici  Caesarii  et  Fernandi  Archiducia  Aaatriae, 
Opera  quae  extant  omnia:  hoc  est  Coiumentarii  in  sex  linros  Pedacei  Dioacoridia 
Anazarbei  da  mwliea  materia.  Poat  diversarum  editionem  collationem  infloitia 
locia  aucti:  De  ratione  deatillandi  aquas  ex  omnibus  plantie;  et  quoin  odo 
gennini  odorea  in  ipaiB  aqnia  conservare  poasint.     Veiled  1544.  —  Basilae  1505 

HcSaxi'ou  AuKKopi'Sau  'Am£apf3c<bs  vtpl  v\tp  iarpmjjs  fjifikta  or  Pedacei 
Dioscoridis  Anazarbei  opera  quae  extant  omnia.  Ex  nova  interpretations . 
Jani-Antonii  Saracen i,  Lugduni  Medici.  Frnncofurti  1578  and  1598. 

A  Latin  translation  of  the  Dioecorides'  "Materia  Medica"  had 
appeared  as  early  as  1478,  and  a  Greek  edition  about  the  same  time 
in  Cologne. 

A  later  edition  of  DioscorideB'  "Materia  Medina"  which  has  been 
used  in  tins  work  is  the  editioti  of  Prof.  Curtius  Sprengel.  It  constitutes 
volume  25  of  Kiihn's  collection:  "Medicorum  graecorum  opera  quae 
extant,"  and  consists  of  two  parts.  The  first  part  contains:  "De 
Materia  medica  libri  quinquae";  the  second  part:  "Liber  de  venenis 
eorumque  precautione  et  medicamentione"  (pp.  1 — 338),  and  "Cominen 
tarius  in  Dioscoridem"  (pp.  340—675). 

Dibpenratortitm  Brands  nruroicum.  The  edition  of  1698  wan  con- 
sulted.   See  p.  31,  footnote  8. 

Dispensatobium  NoRiCUM.    See  Cordos  and  Gesner. 

FlOckigeb,  F.  A.  Born  May  15;  1828,  in  Langenthal,  Switzerland, 
died  Dec.  11,  1894,  in  Bern.  Professor  of  Pharmacy  and  Pharmacog- 
nosy at  Strassburg  from  1873—1892. 

Pharmacognosie  dea  Pflatizenreiches.  Dritte  Aufiage.  Ein  Bd.,  pp.  XVI, 
1117.    Verlag  von  Hermann  Heyfelder,  Berlin,  1891. 

*  FlI'ckiber  and  Hanbury. 

Pharmacographia,  a  history  of  the  principal  drugs  of  vegetable  origin  met 
with  in  Great  Britain  and  Britiah  India.  Second  edition.  One  vol.,  pp.  XX, 
803.    Macmillan  &  Co.,  London,  1879. 

Fourcrox,  A.  F.  Bom  1755,  died  1809.  An  influential  French 
teacher  of  chemistry. 

Systems  dea  conuaissancea  ehimiqueg,  et  de  leur  applications  anx  phsnomenea 
de  la  nature  et  de  Tart.    Paris  1801. 

Ftjchs,  Leonhard.  1501— 1566.  Professor  of  medicine  in  Ingolstad 
and  Tiibingen. 

De  componendornm  miscsndornmqne  medica  men  forum  ratione.    1549. 
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Fuchh,  Reuacliub.    Born  1510  in  Liraburg,  died  1587  in  Brussels. 

Remaclii  Pnehsii,  HiHtoria  omnium  aquarnrn,  quae  in  commune  hodie 
practical) ti urn  Hunt  nan,  virw  ft  recta  destillnndi  ratio.  Veneti  1542.  — 
Parish  1542. 

Galenus.  Born  181  in  Pergamon,  educated  in  Smyrna,  Alexandria 
and  Rome  as  physician.  Died  between  201  and  210.  His  numerous 
writings  have  been  edited  by  Kilhn  under  the  title: 

Clandii  Galeni  Opera,  omnia,  in  30  Bandeu,  Lipsiae  1821—1883.  Special 
mention  may  here  be  made  of  De  simplicinm  inedicamentorum  temperataris  et 
facult&tibns  libri  XI. 

Gbbeb.  Abou  Meussah  Dschafar  al  Soft.  known  in  western  countries 
as  Geber.  was  active  as  Arabian  physician  and  scientist  during  the 
second  half  of  the  eighth  century. 

In  addition  to  the  original  writings  of  Geber  which  were  written  in 
Arabic,  a  number  of  works  which  evidently  were  written  later  in  the 
Greek  and  Latin  languages,  have  been  attributed  to  him  up  to  a  com- 
paratively recent  date.  The  apocryphal  character  of  these  later  works 
has  recently  been  proven  by  M.  Berthelot  ("Introduction  a  I'etode  de  la 
chimie  des  anciens  et  du  moyen-fige."  Paris.  1889;  also  "Revue  des  deux 
mondes,"  Sept.  15  and  Oct.  1,  1893). 

Some  of  the  works  written  by  Geber  or  at  least  attributed  to  him 
and  referred  to  in  this  book  are: 

Gabri  "de  ale  hi  mi  a  libri  tres."  Argentorati  arte  et  impenea.  Io.  Griegningeri 
anno  1529. 

Gebri  "Snmma  perfection  is  magiBterii."  Ex  bibliotheca  vaticana  exemplar] . 
Gedani  1U82. 

Alchimiae  Gebri  Arabia  libri  exeud.  Joh.  Petrins,  Xurembergeneie.  Bemae 
1545. 

Gesner,  Conbad.  (Euonymus  Philiatrus.1)  Born  1516  in  Zurich, 
died  there  in  1565.  Studied  in  Bourges,  Paris  and  Basel.  Was  city 
physician  and  later  Professor  of  the  natural  sciences  in  Zurich.  Edited 
tbe  works  of  Cordus  (see  Cordus).  More  important  than  these 
"Anuotationes"  is  the  following: 

Thesaurntt  Huoiiymi  Philiatri,  de  remedii*  secretia;  liber  physicus.  medkuB 
et  partim  etiam  chymicua  et  oeconomicuit  in  vinornm  diversi  aapores  apparatur: 
medicis  et  pbarmacopolis  omnibus  praecipue  neceesariiiH.  Tigur.  1552.  Liber  I- 
De  destiHatione  ejusijufi  differentiia  in  genere.  Auctor  est  fonradua  Geanerua. 
Tiguri.* 

n  Tho  pmiilnnyin  of  Qesnerta  poMlbly  derived  from  Eaoajntaa  (Ger.  Ptaffenhntclien) 
and  phlllntruH.  (tjttXos  tarpoV)  friend  of  medicine. 

»)  Another  reference  contaln«  after  the  Btntenee  ending  with  "necemarlus-1  the 
following  data:  TlRiirl  1532  —  Lngdunl  1.15T— 15Q8  —  Francuf.  1578.         . 
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A  German  edition  appeared  in  1555  under  the  title: 

"Eiu  kostlicher  thenrer  Schati  dee  Enonymna  Philiatras,  d&riniien  behaltcn 
Rind  vil  heymlicher  gutter  stuck  der  arzney.  lUrnemmlich  aber  die  art  nod  eygen- 
achafften  der  gebranuten  wasaeren  and  olen.  wie  man  diewelbigon  bereiten  solle: 
dvegleyuhen  yeder  wasneren  und  olen  art  und  ey^ensohafit.  nuti  und  branch. 
Item  alien  mit  achtinen  lieblichen  flgiirlineu  aiigezeigt  mind  Item  wie  man 
tiiAncherley  wevn  bereiten  solle,  audi  den  abgeatandenen  dorch  Miff  der  gebrasn. 
ten  wasaeren.  gewurtzen  unnd  anderley  materi  widerutnb  helffen  mSge  fflr  die 
utigen  gestellt,  gaoz  lontjg,  nutzlich  and  gilt,  alien  Alchemisten,  hausbalten. 
insbesondern  den  Balbiererern,  Apothekern  nnd  alien  liebhaberen  der  Arrtney.— 
Erstlich  in  Latin  beachrieben  durch  Eiioiiyiniim  Philiatrum,  nun  newlich  ver- 
teutscht  durch  Johaunam  Rudolphnm  Landeiiberger  zn  Ziirich:  vormals  in 
Tentsche  apr&ch  niemals  gestihen .  Gctrackt  in  Zurich  bei  Andrea  and  -lacobo  den 
Geeeneren  gebrflder  im  jar  alaman  zalt  vonChristi  iinsjercHeylandR  Keburtl55n." 

For  more  than  a  century  this  work  was  frequently  reprinted  and 
translated.  The  English  translation  by  Moroyng  appeared  in  1559 
under  the  title: 

New  book  of  distillation  called  the  treasure  ot  Euonvmua,  London  1559, 
1564—1565. 

A  French  translation  appeared  in  1555  in  Lyon. 

In  1583,  after  the  death  of  Gesner,  this  volume  was  reprinted  with 
a  second  volume  (also  written  by  him  and  published  by  Caspar  Wolf  in 
the  original  Latin  in  1565)  translated  into  German  by  Jacob  NQscbeler. 
The  title  of  this  second  volume  is: 

Ander  Theil  den  Sella  ties  Enonymi  von  allerhand  kunatlichen  mid  bewerten 
Olen.  waaseren  nnd  heymiichen  Arzneyen.  sampt  ihrer  ordentlichen  bere.vtnng  . 
und  dienstlichen  Fignran.  Erstlicb  susammea  gstragen  dnrch  Herrn  Doctor 
Cnnrat  Geexier,  Demnach  von  Capar  Wollfen  der  Arzneyen  Doctor.  Zurich;  in 
Latin  beachrieben  nnd  in  Truck  gefertiget,  jetit  aber  newlich  von  Jobann  Jacobo 
NOscheler  Doctoren,  in  Tutoche  Sprach  vertolmetachet.    1583. 

Glauber,  Jobann  Rudolf.  1604— 1668.  A  representative  of  techni- 
cal chemistry  during  the  iatrochemical  period. 

Johanni  Rndolphi  Glauberi  Fnrni  novi  pliiloeophfci  oder  Beschreibmijr  der 
neu  erfundenen  Destillirkniist.    Amsterdam  1648  —  I^eiden  1048  —  PraK  1700. 

Gbbn,  F.  A.  C.  1760—1798,  studied  pharmacy,  was  professor  of 
chemistry  at  Halle.  Founded  with  Gilbert  the  Annalen  derPhysik  in  1798. 

Grea'e  Grundriss  der  Chemie  jiach  den  neuesten  Entdeckuugvu  entworfen 
and  zum  Gebrauch  akademischer  Vorleeuugen  eitigerichtet.    Halle  1796. 

Hanbuby,  D.  Bom  Sept.  11,  1825,  died  March  27,  1875.  Phar- 
macist and  writer  on  numerous  pharmacognostical  subjects. 

Science  Papers.  Edited  with  memoir  by  Joseph  Ince.  One  vol.,  pp.  XL 
543.    Macmillan  &  Co.,  London,  1876. 

Pbarmacographia — See  Fluckiger. 
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Heusler,  Fr.  For  several  years  Professor  Wallach's  assistant  at 
GSttingen,  later  Privatdocent  at  Bonn. 

Die  Terpene.  Braunschweig  1896.  Reprint  from  the  new  "Haudworterbneh 
dor  Chemie.-"    Published  by  Vieweg  und  Sohn,  Braunschweig,  1896. 

HlRZEL,  HSINRICH. 

Die  Toiletten-Cberoie.    Leipzig  1864. 

Hoefek. 

Histoire  de  la  chimie.    2nd  ed.  1866. 

Hoffmann,  Fr.  Born  1660  in  Halle,  died  1742.  Professor  of 
medicine  in  Halle.    A.  representative  of  the  phlogistic  school  of  chemistry. 

Frederici  Hoffman iiii.  Opera  omnia  physico-medica.  Detino  revisa.  corrects. 
et  aucta.  In  sex  tomoa  distributa.  Geneva*  1740—1761  —  Veueti  1745,  17 
Volnmina  —  Neapel  1758.  25  Volmnina. 

Fr.  Hoffmann ii  Opera  omnia  physico-medica.  Suppleinentum  secundum. 
Geneve  1760. 

Ibn  KHALntTN. 

Notices  et  extraits  den  manuscripts  de  la  bibliotheque  imperials  &  Paris.  1862. 

JOANNT  RKENANI, 

Medici,  Sofia  e  puteo  smergentis:  sive  dissertations  chymia  technice  practica, 
materia  lapidis  philosophici  et  clavia  opernm  Paracelai,  qua  abstruea  iiupli- 
cantur  deflcientia  snpplentur.  Fraucofarti  1618.  Pars  1.  Theorem  ata  ehymio 
technica. 

Kliemont,  J.  M.    Vienna. 

Die  synthetase  hen  und  isolirten  Aromatica.  Verlag  von  Eduard  Baldamus, 
Leipzig)  1890. 

Kopp,  Hermann.    Born  1817  in  Hanau,  studied  under  Liebig,  and 
since  1841  Professor  at  Heidelberg.     Known  as  physical  chemist  and 
author  of  several  historical  treatises: 
.    Gescliichte  der  Chemie,  1843-1847. 

Entwickelung  d.  ('hem,  in  der  ueusren  Zeit.  1873. 

Beitrage  znr  Geschichte  der  Chemie,  1860—1875. 

Largus.    See  Scribonius  Largus. 

Lewis,  William. 

The  new  Dispensatory :  Containing  the  theory  and  practice  of  pharmacy,  a 
description  of  medicinal  simples,  according  to  their  virtues  and  medicinal 
qualities,  the  description,  nse  and  doae  of  each  article,  etc.  Intended  as  a 
correction  and  improvement  of  Quincy.    London  1753. 

Lonicer,  Adam.    1528—1586. 

Adami  Loniceri.  der  Arzney  Doctor  nnd  wetland  Ordiuarii  Primarii  Physici 
zu  Fraucfnrt  am  Meyn,  Kranterbueh  nnd  kflnstlicbe  Conterfeyungen  der  Baa- 
men,  Stauden,  Heckeu,  Krautern,  Get  ray  de,  Gewflrzen  und  nfltzlicheu  Kunst  za 
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deatiltiren.  ...  —  Anf  das  allerfleiafligste  iiberaehen,  corrigirt  nnd  verbeeaert 
dnrch  Petrnm  Ulfenbachium,  Ordin.  Phyeicua  in  Francfurt  am  mo.vn.  l."lm, 
anno  dei  1551,  1573  nnd  1.189. 

Adami  Loniceri,  Krftuter  Bnch  and  kiinatliche  (Jonterfeynngeii  sammt  der 
BchOueu  nnd  nfltxlichen  Kunet  zu  destilliren.  Von  Peti-us  TJffenbacb  in's  Teuteche 
nbertragen.    L'lm  1708. 

LtiLLDB.  Raymundus  Lullus,  born  about  1235  of  family  of  Spanish 
nobility,  alchemist,  was  killed  as  missionary  in  Africa  in  1315. 

Raimandi  Lulli,  ''Experiments  nova"  in  Manget's  Bibliotheca  chemica 
curiona.    Genf  1702. 

Matthiolus.  Born  1501  near  Siena,  studied  medicine  in  Padua, 
body  physician  of  Emperor  Maximilian  II,  succumbed  to  the  pest  in 
Trient  in  1577. 

Petri  Andrea*  Matthioli,  Opera  quae  extant  omnia.  Suppleraentum:  De 
rations  destillandi  aquas  ex  omnibus  plantis:  et  qnouiodo  genuiui  odorea  in 
ipais  aqnie  conservari  poeeint.    Basilae  1565. 

Maiek,  Julius. 

Dr.  Julias  Maier,  Die  atherigchen  Oele,  ihre  Gewiunuug.  chemischen  und 
physikalischeu  Eigenschaften,  ZuBainmensetiung  nnd  Anwendnug.    Yerlag  von 

Paul  Neff.    Stuttgart.    1867. 

MiebSinski,  Stanislaus. 

Die  Pabrikatiou  de,r  atheriBchen  Oele  lind  Riechstoffe.    Berlin  1872. 

Die  Riechstoffe  nnd  ihre  Verwendung  zur  Herstellung  von  Duftessenieu, 
Haarolen,  Pomaden.  Riechkissen  etc.,  sowie  andarer  koametiscber  Mittel. 
Siebeute  Aunage.  Ein  Bd.,  pp.  XX,  331,  mit  70  Abbildungea.  Yerlag  vou 
B.  P.  Voigt,  Weimar,  1894.  (Sechster  Band  von  Neuer  Schauplati  der  Kilnete 
and  Handwerke.) 

Mesue,  the  Younger.  Yahya  ben  Masawaih  ben  Hamech  ben  Ali 
ben  Abdallah,  body  physician  of  the  Chalifa  el-Hakim  in  Cairo,  died 
about  1015  when  more  than  90  years  old.  His  "Antidotarium"  was 
the  most  renowned  pharmaceutical  treatise  of  the  middle  ages. 

MesuS,  Antidotarium  sen  Qrabaddin  medicamentorum  compoaitorum  libri 
XII.    Editio  Veneti  1502. 

Mesne,  Simplicia  et  cotnposita,  et  autidotarii  novem  poateriores  sectiones 
adnotationes.    Venetiae  1602. 

Neumann,  Caspar.  Born  1G83,  died  1737.  Apothecary  in  Berlin. 
His  work  on  distilled  oil  is  contained  in  the  second  volume  of  his 

Cli.vmia  medica  dogmatico-ex  peri  men  talis,  Oder  Grilndliche  mit  Expert  men  ten 
bewiesene  Medici  a  i  ache  Chemie.  Herausgegebeii  von  Cbriet.  Heiar.  Kesttel. 
4  Bande.    Zflllichan  1749-1755. 
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Nondb  Theophanus.  Body  physician  ot  Emperor  Michael  VIII  in 
Constantinople. 

Nodus  Theophanus.  Editio  Bernard).  Praefatio  ad  Hynesina  de  febribus. 
Amatelodami,  174B. 

Com  p.  Synesius. 

Ooco,  Adolph.  Second  half  of  sixteenth  century,  author  of  the 
famous  Augsburg  Pharmacopoeia. 

Pharmacopoea  seu  Mediunmentarinm  pro  Republica  August  ana.  Author 
Adolphus  Occo.    Augusta  Vindelicorum  1564. 

Ortolpf.  Adolph  Megtenberger  or  Meydenberger,  alao  Ortolph  or 
OrtoHT  von  Bayerntand.  born  1450,  author  of  the  first  pharmacopoeia 
in  Germany. 

Ortlofl  von  Bayrland.  Arxneibach.  Hie  fahet  an  eyu  buchelin  von  mwiiger 
ley  Artseney.    Maim  1485. 

Pharmacopoea  Adgustana.  See  Occo.  The  editions  of  1580,  1597 
and  1640  were  consulted  in  preparing  the  list  on  p.  32. 

Philippe. 

Histoire  dee  Apothicaires.  One  vol.,  pp.  VII,  452.  A  la  Direction  de 
Publicity  Medicals,  Paris,  1853. 

Translated  into  German  by  Lin  1  wig, 

Philippe  &  Ludwig,  Geschichte  der  Apotheker.     1858. 

PlEBSE,   S. 

Tbe  Art  of  Perfumerie.    London  18(t2. 

PlinidB.  Cajus  Plinius  Secundus,  born  in  the  year  23  A.  D.  near 
Como,  died  in  the  year  79  near  Stabiae  (Castellamare)  at  the  time  of 
the  famous  eruption  of  Vesuvius.  Compiled  the  natural  scientific 
information  of  his  time  in  47  books.  Most  references  in  this  work  are 
to  the  following  edition : 

Plinii  Secnndi  Naturalis  Historiae  libri  37.  Recognovit  atque  indicibus 
inst.mxit  Ludovicue  Janus,    Lipsiae  1859.    Littrf.    2  vols.    Paris  1877. 

Porta.  Giovanni  Battista  della  Porta,  1537—1615.  A  Neapolitan 
nobleman,  known  especially  for  his  researches  in  physics. 

Joh.  Baptistse  Portae,  Neapolitan^  Magiae  naturalis  libri  viginti,  in  quibns 
scientiarum  natnraliuni  divitiae  et  delidae  demonstrantur.  lam  de  novo,  ab 
omnibus  niendis  repurgati,  in  lucem  prodierunt.  Romae  1565.  Antwerp.  1567. 
Editio:  Hauoviae  1619.  Liber  derimua:  Deetilfat,  destillata  ad  fastigia  virium 
eustollit.1 

Power,  F.  B.    See  Schimmel  &  Co. 

>)  Other  edition*  are  Romae  1568.  Antwerplae  1G64  and  I1S07,   Rarennae  1S66, 
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Prick  Ordinances.    See  also  p.  31. 

"Ita  sunt  nomine,  medicinarum.  simplicinm  sive  materialinm  quae  ad 
apothecam  requirentnr.  In  gent-re  et  in  specie."  Prof.  F.  A.  Flfickiger  under 
the  title  ''Die  Frankfurter'  Liste." 

Register  alles  Apothekischeu  Simplicien  uird  Compositen,  so  in  den  beiden 
Messen  zu  Frankfurt  am  Main  durch  Material isten,  Kanlfleut,  wurzeltrager, 
Krautler  und  durch  die  Apotheker  daselbst  verkauft  werdeu.  Frankfort  a.  M. 
1582. 

Reformatio  oder  entente  Ordnung  der  heilig  Reichsstadt  Frankfurt  a.  M., 
die  Pflegx  der  Gesundheit  betreffend.  Den  Medici  s,  Apothekern  nnd  Materia- 
listen  zur  Nachrichtigung  gegebon.  Darneben  den  Tax  und  Werth  der  Araneien, 
welche  in  den  Apothekeu  allda  zu  flnden.     1587. 

Rhahkh.  Abu  Bekr  Mubammed  Ben  Zakerijja  el-Raze.  Born  and 
educated  in  Raj,  at  one  time  director  of  the  hospital  in  Bagdad,  author 
of  numerous  works,  called  the  Galen  of  his  time.    Died  923  or  932. 

Das  Buch  der  Uehelmnisse  des  Abo  Bekr  Ben  iSakartja  Er-Rari.  Fleischer's 
Catalog  No.  260.    Leipxiger  Stadtbibliothek.    Codex  K.  215. 

Extracts  of  Rhases'  writings  and  the  unimportant  illustrations  or 
several  Arabian  distilling  apparatus  were  published  in  1878  by  Prof. 
E.  Wiedemann  in  vol.  32  (p.  575)  of  the  Zeitschrift  der  deutschen 
morgenlilndischen  Gesellschaft. 

Reifp.  Walther  Hermann  Ryff,  during  the  first  half  of  the  sixteenth 
century  surgeon  in  Btrassburg. 

H.  Gualtherus  Ryff,  New  gross  Destillirbuch,  wohl  gegrQndeter  kfinstlicher 
Destination,  sampt  underweisung  und  bericht,  kflnstlich  abzuziehen  oder  Sepa- 
rireu  die  ftirnembste  destiilirte  Wasser,  k&stliche  aquae  vitae.  Quiutam  esseutiam, 
beilsame  oel.  Balsam  nnd  dergleychen  vielgflter  AbzQge.  Recht  kflnstlich  and 
viel  uufT  beqneme  art  dami  bisher,  auch  mit.  bequemerem  Zeng  der  Uefass  nod 
Instrument,  des  ganzen  Destillirzengs  von  Kreutem,  Bliimoii,  Wurzeln,  Fruchteo, 
Gethier  umid  anderen  stucken,  darinnen  natfirliche  lenchte  anud  Eletnentiscbe 
krafft,  eiufacli  oder  in  urn.' her  ley  gestalt  vermischt  und  componirt;  durch  H. 
("i  n*i.M .herum  Ryff,  Medicum  &  chirurgum  Argeiitineusem,  getruckt  zu  Frankfurt 
a./in.  bei  Christian  Egenolff's  seligen  Erben  im  jar  1556. 

Reformirte  deutsche  Apothek.    Frankfurt  a./M.  1563. 

Saladinus  Asculanus.  Italian  physician.  Wrote,  probably  between 
1442  and  1458,  a  rather  remarkable  pharmaceutical  treatise  entitled : 

Compendium  aromatiorum  Saladinl.  principis  T  areata  dignissimi,  niedici 
diligenti,  correctum  et  emendatum.  Bononae  1488.  Kditio  Veneti  1471,  1488 
and  1502. 

Sancto  Amando. 

Kxpositio  Joannis  do  Sancto  Amando  supra  Aiitidotarium  Nicolai  ineipit 
feliciter.    With  the  edition  of  MesuS's  works.    Veneti  1502. 
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Hawek,  J.  Ch. 

Odorogr&phia,  a  natural  history  of  raw  materials  aud  drugs  used  in  the 
perlumo  industry.  One  vol:,  pp.  XXIII,  883.  Gnmey,  Jackson,  London  1892. 
Second  series  1804. 

Rhodologia.  A  discourse  on  roaes  and  the  odor  of  rose.  One  vol.,  pp.  08. 
W.  J.  Smith.  Brighton  1894. 

SCHMIEDER,  CHR.   G. 

Geschichte  der  Alchemic.    Halle  1832. 

Scribonius  Larous.  Roman  physician  of  the  first  century  of  the 
Christian  era,  who  in  the  year  43  accompanied  the  Emperor  Tiberius 
Claudius  to  Britannia. 

Scrihoni  Largi,  Compositions  medicanwiitornm.    Editio  Schneider. 

Schimmel  &  Co.  Since  January  1877  the  firm  of  Schimmel  &  Co., 
Leipzig,  has  published  a  report  on  volatile  oils,  at  first  annually,  since 
1880  semi-annually.  The  character  of  this  report  was  at  first  com- 
mercial,  but  soon  became  scientific  as  well  until  it  became  a  semi-annual 
repertory  of  everything  pertaining  to  volatile  oils.  The  title  of  the 
German  edition  is: 

Bericht  von  Schimmel  A  Co.  (Inhaber  Gebr.  Fritzsche)  in  Leipzig.  Fabrik 
ftther.  (Me,  Eaaenxeu  und  chemischer  Pr&parate.    April  and  October. 

Since  Oct.  1890  an  English  translation  is  also  published : 

Semi-Annual  Report  of  Schimmel  &  Co.  I  Fritiache  Brothers).  Leipzig  and 
New  York. 

The  title  of  the  French  edition  which  appears  since  Oct.  1896  is: 

Bulletin  Semeetriel  de  Schimmel  &  Cie  (Fri  triune  Freres).  Leipzig  and 
New  York. 

In  1893  this  firm  published : 

The  factories  of  Schimmel  &  Co.,  Leipzig1— Prag  and  Fritzsche  Brothers, 
Sew  York-  -Garfield.    Text  by  Professor  Dr.  F.  A.  Flttckiger— Bern. 

An  elegant  work  with  32  heliogravure  plates.  The  text  gives  a 
brief  account  of  the  history  of  the  volatile  oils.  A  year  later  the  New 
York  branch  published  a 

Descriptive  catalogue  of  essential  oils  aud  organic  chemical  preparations 
compiled  by  Frederick  B.  Power,  Ph.  0.,  Ph,  D.,  Director  of  the  laboratories 
of  Fritcscbe  Brothers,  at  Garfield,  N.  J. 

Scsoltz,  Max. 

Die  Terpene.    Sonderabdrnck,  pp.  180—246. 

Scbruta.  The  name,  possibly  pseudonym  of  the  author1  of  a  book 
on  health  Ayurvedas  of  Sanskrit  literature.  It  was  formerly  supposed 
that  this  book  bad  been  written  centuries  before  Christ,  but  it  is  now  not 

i)  Hlppocratea  baa  been  sttggntefl. 
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placed  back  farther  than  the  twelfth  century  of  the  present  era.  It  was 
translated  into  Herman  by  Hessler  between  1844  and  1855  in  Erlangen. 
The  Ch&raka,  is  a  similar  older  treatise  possibly  of  the  eighth  century. 

Soerntas  Ayurvedas,  id  est  medirioae  systema  a  venerabili  D'hanvautare 
demon  stratum  a  Susruta  diecipulo  composituin.  None  primum  ex  Sanscrita  in 
Latinnm  sermonem  vertit,  introductionum,  annotations  et  rerum  indicem 
adjecit  Dr.  Fr.  Hessler.  Erlaugae  1844. 

The  Susruta,  or  System  of  medicine,  taught  by  Dhanvantari  and  composed 
by  his  disciple  Susruta.    Published  by  Sri  Madhusudana-Gnpta,  Prof,  of  medicine 
at  the  Sanscrit  College  at  Calcutta.    Calcutta  1835.    2  vol. 
With  regard  to  the  age  of  these  works  consult: 

Lassen,  Indische  Alterthumskunde.    1.  Aufl.,  Band  2,  p.  551. 

J.  F.  Royle,  An  essay  on  the  antiquity  of  Hindoo  medicine.  London  1837. 
Deutsche  Auagn.be  von  Wallach  and  Heusiuger,  Das  Alterthnm  der  indischeo 
Median.    Cassel  1489,  p.  45. 

Allan  Webb,  The  historical  relations  of  ancient  Hindoo  with  Greek  medicine. 
Calcutta  185U,  p.  45. 

Zeitschrift  der  Deutsch.  Morgenland.  Gesellach.  Bd.  30  (1876),  p.  617; 
also  Bd.  31,  p.  647. 

Synebidh.  Born  375  in  Cyrene,  a  disciple  of  Hypatia  in  Alexandria, 
elected  Bishop  of  Ptolemais  in  410,  alchemist,  died  415. 

In   Fabricii   biblia  grama. 


Theophrastus.  Born  370  or  392  B.  C.  in  Eresos  on  the  island  of 
Lesbos,  disciple  of  Aristotle,  died  between  288  and  286  in  Athens. 

Theuphrasti  Eresii  opera,  quae  eupersunt  omnia.  Historia  plantarum. 
Bditio  Wimmer.    Parisii  1866. 

Dlbtad,  Philipp.  Professor  of  medicine  in  Nurnberg  during  the 
first  half  of  the  sixteenth  century. 

Philippi  Ulstadii,  patris  nobilis  Coelum  Philosophorum  sen  liber  de  secretin 
naturae,  id  est:  quomodo  mm  solum  e  vino,  sed  etiam  ex  omnibus  metallis, 
Iructibus,  radicibus,  herbis  etc.  Quinta  essentia,  sive  aqua  vitae.  ad  conser- 
vattonem  humani  corporis  educi  debeat.  Argun  tor.  1526  und  1528  —  I.ugduni 
1540  mid  1558  —  Parisii  1548  — August.  Treboc.  1558  —  Francoturti  1600. 

The  title  of  the  German  edition  is: 

Dess  Edlen  und  Hocherfahrsuen  Herrn  Philippi  triatadii  von  Surra  berg 
Buchletu  von  Heimligkeiten  der  Satur,  jetzund  verdentischt.  Frankfurt  am 
Mayn  1551. 

That  of  the  French  edition  which  appeared  in  1547: 

I*  Ciel  des  philosopbes  ou  secret*  de  la  nature.    Paris  1547. 
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Victorius  Faventinus.  The  Bologna  physician  and  professor 
Bennedetto  Vettori  was  born  1481,  died  1561. 

Victorii  Faventini,  Practicae  magnae  de  morbis  en  rand  ia  ad  tiro  net*,  tomi 
duo.     Veneti  1562.    Tom.  1,  cap.  21.  fol.  144. 

Villanovus.  Little  is  known  about  Arnaldus  Villanovus  as  to 
nativity.  Was  physician  in  Barcelona  during  the  second  half  of  the 
thirteenth  century,  suffered  shipwreck  on  his  way  to  Avignon  to  Pope 
Clemens  V  about  the  year  1313.    Alchemist. 

Arnold!  Villanovi  Opera  omnia.    Yeneti  1505.    Liber  de  vie  is. 

Arnold!  Villanovi  Breviarium  practicae,  proemium  ill  operie  omnibus  cum 
N.  Tuorelli  in  quos  librae  annotation!  bos.     Basiliae  1587. 

Winther,  Johann.  Born  1487  in  Andemach,  died  1574  as  professor 
of  medicine  in  Strassburg. 

Go  in  then  Andernaci  Liber  deveteri  et  nova  medicina  turn  cognoscenda  turn 
facien da.    Basil iae  1571. 

Zeise,  H.    Born  1793  in  Holstein,  died  1863,  apothecary  in  Altona. 

Beit  rage  zur  Nutzanweodung  der  Wasserdampfe.  Pamphlet.  Altona  1826. 
-Arch.  d.  Pliarm.    Bd.  16  (1828),  p.  6fl. 

Zei.lek,  G.  H.    Apothecary. 

Studien  tlber  die  atherischeu  Oele.  I.  Heft.  Dea  chemiachen  Theila  erster 
Abeehnitt.  Landau  1850.  —  II.  Heft.  Pie  physischen  und  chemischeii  Eigen- 
echaften  der  officinelleu  atherischen  Oele.  Stuttgart  1855.  —  111.  Heft.  Die 
Austbeute  und  Darstellung  der  atheriflchon  Oele  aua  ofHcitiellen  Pflanzen, 
Stuttgart  1855. 

Zobimob  of  Panopolis,  an  encyclopaedic  writer  of  the  fourth  century 
and  one  of  the  principal  authorities  of  the  alchemists. 

"Et  quid  plura  mornmiir?  Unus  Zosimon  Panopolites  libro  wtpl  opydvotv 
nal  Kafumuv  loculente  ad  oculos  nobis  sietit  an  ti  quorum  ilia  vasa  destillationibus 
accommodata;  postquam  enim  jussisset  candid  at  os  artin  id  agere  ut  ipsis  ad 
manus  asset  jSt'jcOf  iikucat  trakyv  £<rrpoKivoi  Aoiras  nal  dyyos  crrcvovrovov, 
mandassetque  tirl  axpa  t£>v  trtokijviaY  jSi'jtoits  ucAov  /tcydXov^  ttq^i:?  iwi^civai, 
tva.  pjj  payuniv  &irb  rijs  Wpjojs  tov  vSartK,  tandem,  ut  clarius  sese  explicit, 
ipsae  vasorum  ffgunm  appiugit,  quarum  nonnullas  licet  rndiori  raanu  exaratas 
ex  bibliotheca  regis  christianiBsimi,  et  ilia  D.  Marci  Venetiis,  libuit  liic  in 
gratiam  curiosorum  adjicere."  (0.  Borrichius  "Her met Ib  Aegyptioruro  et 
chemicarum  aapientia"  ab  Hurmanui  Conringii  animadversionibus  vindicate. 
Hatuiae  1674.  p.  156.) 

A  detailed  account  of  Zosimon'  discussion  on  distillation  is  found  in 
HOfer's  Histoire  de  la  chimie.    2.  Edit.    1866.    Tom  1,  pp.  261—270. 


byGoogle 


»,  Google 


INDEX. 


Abelmoschus  tnoschatus,  501 
Abies  alba,  252,  259 

balsamea,  251,  252 

canadensis,  251,  263 

cedrus,  279 

exoelaa,  258 

fraseri,  251 

pectinata,  252,  259 

reginae  amalise,  260 

sibirica,  265 

Abie  tone,  254 
Abietineae,  226 
Absinthium,  684 
Absynthe,  664 
Absynthol,  685 
Abura  kuku,  682 

A  carol  d  renin  oil,  305 

Aeetylixation,  194,  202 
Acid  number,  193 
Acids,  174 
Achillea  ageratum,  676 

coronopifolia,  675 

millefolium,  675 

moscbata,  675 

nobiliB,  675 

Acorns  calamus,  301,  303,  304 

spurioeus,  304 

Adulterations,  199 
Ageratum  conyzoldet,  668 
Argumen  fruits,  460 
Ajowan  oil,  557 
Ajwain,  557 
Ajwan,  557 

ka-phul,  557 

Alantol,  670 


Alantol,  670 
Atantolactone,  670 
Alantolic  acid,  670 
Alcohol  as  adulterant,  200 
Alcohols,  127,  148 
Aldehyde  assay,  196 

determination,  196 

in  cassia  oil,  388 

Aldehydes,  149 

Alembic,  52 

voyageant,  67 

Alliaria  officinalis,  409 
Allium  cepa,  306 

sativum,  306 

ursinum,  306 

Allolemonal,  286 
Allspice,  609 
Ally!  cyanide,  412 
Almond  oil,  bitter,  436 
Aloe  barbadensis,  304 
Aloe  oil,  304 

AloS  vulgaris,  304 
Aloetvood  oil,  421 
AloCxylon  agallochum,  421 
Aloyaia  citriodora,  593 
AlpenbeifuEsol,  587 
Alpenspik,  607 
Alpinia  malacensis,  313 

nutans,  313 

ofGcinarum,  312 

Altingia  excelea,  421 
Amandes  amBres,  436 
Ambrosia  artemisifolia,  672 
Ambrosia  oil,  672 
American  wormseed  oil,  349 
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A  mo  mum  angustifolium,  310 

aromaticum,  318 

cardamomum,  317 

melegueta,  318 

zingiber,  313 

Amygdalin,  438 
Amygdalus  communis,  437 
Amyris  bal&amifera,  486 

linaloe,  402 

Anacardiaceae,  218,  490 
Analysis  of  oils,  98 
Andromeda  leschenaulti,  590 
Andropogon  citratus,  285 

ivarann.su,  282,  294 

laniger,  290 


nardus,  282,  291,  294 

odoratus,  2B9 

Andropogon  oils,  22,  204 
Andropogon    Behoenanthus, 

290 
Aneth,  578 
Anethol,  178 

Anethum  foenkulum,  564 
graveolens,  578 

aowa,  570 

Angelic  aldehyde,  673 
Angelica  anomala,  573 

-  arehangalica,  570 

herb  oil,  573 

Japanese  oil,  573 

japonica,  573 

levisticum,  569 

oil,  570 

refracta,  573 

root  oil,  573 

seed  oil,  570 

Angelikakrautfil,  5?3 
AngelikaBamenol,  573 
AngelikawurzelSl,  570 
Angelique,  570 
Angiopteris  evecta,  225 
Angostura  bark  oil,  459 
Angosturarindenill,  460 
Anis  de  la  Chine,  353 

Siberie,  353 

Anisebark  oil,  690 
Anise  ketone,  180,  582 


Anietil,  558 
Anise  oil,  553 
Anisic  aldehyde,  157 
AnisrindenSl,  690 
Anonaceae,  215,  362 
Anthemene,  074 
A  nth  em  is  cotula,  674 

nobilis,  672 

Antheuiol,  674 
Anthophylli,  513 

Anthranilic  acid  methyl  ester,  502 

Anthriscus  cerefolium,  541 

ApfelsinenschalenCl,  471 

Apiol,  181,548 

Apium  graveolens,  545,  547 

petroselinum,  547 

Aplopappus  discoideUB,  507 
A  pint  axis!  auricula  ta,  689 

lappa,  689 

Aqua  ardens,  227 

naphae,  480 

sabinae,  274 

vitae,  20 

Aquillaria  agallocha,  421 
Arnceae,  213,  301 
Aialiaceae,  219 

Arbor  vitae,  207 

saguisen,  363 

Arbutus  laurifolia,  589 
Arch  angelica  officinal  is,  570 
Aristnlochiaceae,  214,  346 
Ariatolochia  clematitis,  340 

reticulata,  348 

serpentaria,  348 

Arnica  flower  oil,  689 
Arnica  montana,  088,  680 
Arnica  root  oil,  688 
Arnikabluthenol,  089 
ArnikawurzelSl,  688 
Aromatic  balsams,  24 

waters.,  20,  21,  27 

Aromatized  fatty  oils,  22 
Arome,  35 

Artanthe  geniculata,  326 
Artemisia  absinthium,  684 

dracunculus,  682 

gallica,  687 
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Artemisia  glacialia,  687 

maritima  var.  stechmanni,  I 

vulgaris,  682 

Asafetida  oil,  574 
Asafoetidafll,  S74 
Aaantiil,  574 

Asarabacca,  Canadian,  347 
Asaret,  346 

Aaarol,  348 

Asa  rum  camphor,  346 

Asa  rum  canadense,  347 

europaeum,  346 

Ase  fetide,  574 

Ashanti  pepper  oil,  322 

Aspic,  607 

Aspidium  fllix  mm,  225 

Athamantha  oreoselinum,  577 

At  honor,  02 

Atherosperma  moschata,  369 

Aucklandia  costus,  689 

Aunee,  670 

Aurade,  482 
Aurantiaceae,  460 
Aurantine,  254 
Aurantium  ainanim,  473 

dulce,  471,  483 

Austra  camphene,  45,  110 
Austral  ere,  45,  106 

Axulene,  678 

Backhoueia  citriodora,  638 
,   Badanifera  anisata,  353 
Badiane,  353 
Bfidiyart,  353 
BaldrianOl,  663 

mex  ikanisch.es,  665 

Balm  oil,  616 

Balm  of  Gilead  fir,  264 
Balneum  arenae,  54 
Mariae,  54,  67 


57 


Balsam  copaiba  oil,  445 
Balsam  fir,  264 
BaleamkrautSl,  681 
Balsamodendron  kafal,  488 
Balsam  of  fir,  264 
Balsam  of  Gilead,  264 
Balsam  Peru,  440 


Balsams,  aromatic,  24 
BalsamtannennadelOl,  264 
Balsam  tolu,  448 
BiirenklauOl,  581 
BUrlaucbOl,  306 
Baros  camphor,  502 
Barosma  species,  457 
Barraa,  247 
BHrwurzel,  508 
Basil  oil,  659 
Basilic,  659 
Basilicumb'l,  059 
Basil,  sweet,  650 
Baume  de  copahu,  445 

tolu,  448 

Barberry  oil,  331 

Bay  oil,  510 

BeifussOl,  682 

Beilschmiedia  obtusi  folia,  392 

Bellidiastrum  osmitoides,  671 

Benzatdehyde,  157 

Benzaldehyde  cyanhydrin,  440 

BenzoelorDeerstr&uchttl,  405 

Benzoin  odoriferum,  405 

Benzyl  acetate,  591 

Benzyl  alcohol,  444,  591 

Benzyl  cyanide,  453 

Benzyl  mustard  oil,  463 

Bergamot  oil,  473 

Bergamotte,  473 

BergamottCl,  473 

Bergaptene,  475 

Bergpetersilieniil,  577 

Betel,  326 

BetelSl,  320 

Bctelphenol,  328 

Betel  oil,  326 

Betulaceae,  214,  331 

Betula  lenta,  331,588 

Betulase,  333 

Beurre  de  violettes,  308 

Biglovia  venata,  506 

Birch,  black,  cherry,  sweet,  331 

BirkenrindenOl,  331 

Bisabol  myrrh  oil,  487 

Bisabolene,  487 

Bitter  almond  oil,  21,  436 

BitterfeneheliSl,  567 
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Bitterfennei,  old  of  wild,  567 
BittermandelOl,  430 
Bitter  orange  oil,  473 
Bitter  weed,  072 
Bituminous  oils,  35 
Biyakushi,  573 
Black  birch  oil,  331 
Black  pepper  oil,  320 
Black  spruce  oil,  204 
Blue  gum  tree,  520 
Blumea  balaamifera,  069 

lacera,  070 

Bohnenkrautol,  016 

Boiling  point,  determination  of,  188 

Bois  de  eedre,  270 

— —  citron  de  Cayenne,  493 

citron  de  Mexique,  492 


-galac 


453 


Rhodes,  582 

rose,  562 

rose  femelle,  403,  562 

Toae  male,  493,  592 

-  -  jaiine,  463 

BoldoblStterol,  308 
Boldo  leaf  oil,  308 
Borga  cananga,  303 
Borneo  nampfaene,  110 

camphor,  143,  602 

camphor  oil,  502 

Borneo),  143 

Boron ia  oil,  407 

Boronia  polygali  folia,  457 

Boswellia  carteri,  489 

Boxing  of  turpentine  orchard,  243 

Brai,  248 

Brassies  juocea,  409 

nigra,  409 

Brazilian  nutmeg,  401 
Bromine  addition  method,  162 
Brown  peppermint  tree,  530 

stringy  bark,  534 

BrunnenkresscnSl,  417 
BucciiblBtterOl,  457 
Buchu  oil,  457 

Buco,  457 

Bugle  weed,  026 

Bulnesia  sarmienti,  353,  453 

Burseraceae,  217,  486 


Burgers  species,  492 
ButUrweed,  608 
Butyl  mustard  oil,  408 

Cabriaoa  wood  oil,  447 
Cade  oil,  273 
Cadinene,  123 
Caesalpinia  aappan,  448 
Cafe  bravo,  309 
Cajeput  oil,  528 
Cajeputene  hydrate,  521 
Cajeputol,  521 
Calamus  herb  oil,  303 
Calamus,  Japanese,  304. 
Calamus  oil,  22,  301 
California  bay  tree,  404 
Callitris  quadrivalvis,  267 
Calmuskrautol,  303 
C&lmusol,  301 

japanischea,  388 

Camel-grass  oil,  299 
Camomille,  670 

Romaine,  672 

Camphene,  45,  46,  110 
CampherholxSl  from  Venezuela,  305 
Camphol  alcohols,  46 

series,  46 

Camphora     europaea     menthae     pip*" 

ritis,  031 
Camphor,   39,   41,   143,   148,   227.  270, 

270,  326,  348,  370,  468,  482,  502. 

608,  012 

artificial,  40,  42,  43,  108,  228 

Baroa,  502 

Borneo,  502 

Lauras,  164 

liquid,  41 

Malay,  502 

oil,  black,  374 

Borneo,  502 

heavy,  377 

light,  377 

white,  374 

oleflnic,  542 

ceeds,  317 

Sumatra,  502 

wood  oil,  Venezuelan.  $95 

Camphorogenol,  377 
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Canada  balsam  oil,  251 

mint  oil,  854 

snakeroot  oil,  347 

Canadian  asarabacea,  347 
Cananga  odorata,  382 

(  anavium  mieiooarpiim.  421 

spce.,  491 

Canelia  alba,  508 
Canellaceae,  218,  506 
Canelle  de  Ceylan,  377 

feuilles,  381 

Chine,  381 

Canelo,  304 
Cannabene,  334 

hydride,  338 

Canabis  gigantea,  338 

indict,  337 

sativu,  337 

Caparrapene,  394 
Caparrapiol,  304 
Caparrapi  oil,  394 
Caprifoliaceae,  221,  083 
Caraway  oil,  560 

Carbon  disulphide,  181,  412 
Carbonyl  oxygen,  determination  o 
Cardamome,  315 
Cardamom  oil,  315 

Bengal,  318 

Cameroon,  310 

Ceylon,  315 

Korarima,  310 

Malabar,  316 

Siam,  317 

Cardamomum  ma  jus,  319 
(  ii rl  ina  acaulis,  1)90 
Carline  thiitle,  800 
Caique] a  oil,  447 
Carre,  247 
Carrot  oil,  583 
Carum  ajowan,  557 

carvi,  550 

petroselinum,  547 

Carvacrol,  177 

,  determination  of,  664 

Ca  n-ene,  554 
Carvi,  540 
Carvol,  160 
Carvone,  160 


Carvone,  determination  of,  554 
Caryophyllene,  125 
Caryophylli,  512 
Caryophyllua  aromaticus,  513 
Cascarilla  oil;  495 
Casc&nlie,  405 

buds,  382,  390 

caryophyllata,  393 

chips,  378 

leaf  oil,  300 

lignea,  390 

oil,  382 

stearoptene,  385 

twigs,  390 

Catinga  de  negra,  389 
Catingueira,  369 
Catmint,  612 
Catnep,  612 

Cedar  camphor,  148,  276 
Cedar  leaf  oil,  278 

Lebanon,  279 

,  red,  276 

,  Siberian,  265 

,  white,  278 

Cedarwood  oil  as  adulterant,  199 

from   Juniperus  virginiana, 

276 
Cedrate  oil,  477 
Cedratier  ordinaire,  477 
CMrejaune,  493 
Cedrelawood  oil,  494 
Cedrene,  126,  614 
Cedrol,  148 
Cedrooil,477 
Cedrone,  366 
Cedro  ordinario,  477 
Cedrus  libani,  279 
CSleri,  545,  547 
Celery  root  oil,  547 
— —  seed  oil,  545 
Celtischer  Spik,  667 
Cevadilla  seed  oil,  304 
Ceylon  cinnamon  oil,  377 
Chaerophvllum  sativum,  541 
Chamaecyparis  obtusa,  269 
Chamomile  oil,  672 
,  German,  676 
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Cham  on]  ilia,  672 

roraana,  672 

Champaea  oil,  353 
Chavibetol,  328 
Chavica  betle,  327 

officinarum,  322 

roxburghii,  322 

Chavicol,  179,  328 
Cheken  leaf  oil,  508 
Chenopodiaceae,  215,  349 
Chenopodium  ambrosioidea,  349 

var.  anthelmintics,  349 

Chenopodium  oil,  349 

Cherry  birch,  331 

laurel,  442 

Chervil,  541 
Chione  glabra,  662 
Chios  turpentine,  496 
Chloroform  at  adulterant,  202 
Chrysanthemum  chamomilla,  676 
.  parthenium,  678 

Unacetum,  67  B 

Chula,  282 

Cicilv,  sweet,  583 
Cicuta  maculate,  559 

virosa,  649 

Cicutene,  550 
Cidreira  melisse,  389 
Cineol,  175 

assay  in  eucalyptus  oils,  528 

Cinnamic  aldehyde,  157 
Cinnamomum  camphors,  371 

cassia,  377,  382 

culilawan,  392 

kiamis,  301 

loureirii,  391 

oliveri,  392 

whigtii,  392 

zeylanicum,  377,  381,  382 

Cinnamon  oil,  21,  377 
Cinnamon  leaf  oil,  361 
Cinnamon  root  oil,  381,  382 
Circulation,  56 
Circulatoria,  56 

Cistaeeae,  218,  505 
Cist  us  spec.,  505 
Citral,  149 

assay,  470 


Citraptene,  408 
Citrene,  113,  467 
Citriodora  aldehyde,  280 
Citriosma  apioeyce,  369 

cujabana,  300 

oligandra,  3S9 

Citron  camphor,  468 
Citronella  aldehyde,  294 
Citronella  oil,  291 
Citronella),  154 
Citronelle,  291 
Citronellic  aldehyde,  294 
Citronella),  135,  294 
Citronellone,  294 
CitronenS),  465 

Citrus  Hurantium,  401,  471,  483 

bergamia,  461,  473 

bigaradia,  461,  473,  480,  484 

myrtifolia,  479 

sinensis,  479 

decumena,  461,  489 

limetta,  478 

vulgaris,  478 

-  limonum,  461,  465 

— — -  madurensis,  461,  479 

medica,  491,  477 

var.  acida,  461 

nobilis,  479 

Clove  oil,  512 

bark  oil,  393 

stem  oil,  516,  518 

Coca  leaf  oil,  453 
Cochlear) a,  407 


officinalis,  407 

Coerulein,  677 
Cognac  oil,  498 
Colophene,  46 
Colophony,  228 
Color  reactions,  192 
Commiphora  spec.,  486,  488 
Compositae,  221,  667 
Comptonia  aeplenifolia,  331 
Comptonia  oil,  331 
Condensation,  51,  58.  94 
Congealing  point,  determination  o 
Coniferous  oils,  226 
Comma  resin  oil,  492 
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Constituents  of  oils,  67 
Convolvulaeeae,  220,  692 
(Jon volvulus  florid  us,  502 

ecoparius,  592 

Copahu, 493 
Copaiba  balsam,  445 
,  African,  448 

oil,  445 

as  adulterant,  199 

Copaifera  species,  445 
Copaivabalsambi,  445 
Coriander  oil,  541 
Coriandrol,  129,  542 
Coriandrum  sativum,  541 
Cortex  caryophyllati,  393 

culilabani  papuanus,  405     4 

CostuBwurzelBl,  BB9 
Cress,  garden,  406 

water,  417 

Cretian  origanum  oil,  622 
Croeose,  307 

Crocus  sativus,  307 
C  rot  on  eluteria,  495 
Cruciferae,  216,  406 
('rjptocaria  moschata,  401 

oil,  401 

pretioaa,  402 

Cuban  pine,  242  r 

Cubeba  officinal  is,  322 

Cubebe,  322 

Cubebene,  12G 

Cnbeb  camphor,  148 

Cubeb  oil,  322 

Cucurbita,  52,  54 

Cuminic  aldehyde,  157 

Cumaric  aldehyde  methyl  ether,  157 

Cumin  oil,  544 

Cumimim  cyminum,  544 

Cujiila  mariana,  001 

Cupressus  sempervirens,  269 

Curcuma  longa,  310 

-  oil,  310 

zedoaria,  311 

zerumbet,  311 

Cus-cus,  289 

Cusparia  trifoliata,  459 

Cymene,  104 


Cymol,  104 

Cypress  oil,  269 

Cypress  camphor,  270  ' 

Cypres,  269 

Damascenine,  352 
Damiana  leaf  oil,  506 

Daueus  carota,  583 

DestillationsbOeher   of   the    16th   cent., 
23-37. 


Destillatio  panic,  57 


-  per  descensum,  1 


i,  36,  60, 


equinum,  57 

solis,  57,  62 

Dhelum  outan,  657 
wangi,  656 

Diatomic  series  of  terpenes,  46 
Dicypellium  caryophyl latum,  393 
Digger  pine,  254 
Dilem  oil,  659 
Dill  apiol,  181,  579 
Dill  oil,  578 

-  — —  East  Indian,  579 
DiosphenoI,'458 
Dipentene,  116 

Dipping  in  turpentine  orchard,  244 
Dipterocarpaceae,  218,  504 
Dipterocarpus  spec.,  504 
Dissertations  on  volatile  oils,  37 
Distillation,  18,  19 

after  fermentation,  36 

,  destructive,  18 

,  definition  by  Brunschwig,  24 

,  definition  of,  in   historical   writ- 
ings, 22 

,  downward,  18,  35,  59 

,  fractional,  19,  44,  188 

over  burnt  lime  or  chalk,  39 

,  history  of,  51 

,  treatises  on,  23,  30,  37 

under  diminished  pressure,  69 

.ipward,  1 


with  a 


cid,  19 


-  with  acids  and  salts, 

-  with  alcohol,  19 

-  with  steam,  69,  85 


1,  40,  t 
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Distillation  with  water,  18,  10 
Distiller  ie  ambulante,  002 
'Distilling  apparatus,  history  of,  61 
D  iter  pen  e,  40,  127 
Dittany  oil,  061 
Dog  fennel  oil,  067 
Dorema  ammomacum,  576 
DostenS),  620 
Double  balsam  fir,  251 
Dragon ic  acid,  682 
Drimys  winter!,  302,  506 
DrusenOl,  498 
Dryobalanops  spec.,  502 
Dutch  myrtle  oil,  331 

Eau  de  Carmelites,  616 

de  Cologne,  34,  016 

EberwurzO),  000 
Ecuelle  a  piquer,  402 
EdelscharfgarbenOI,  675 
EdeltannennadelSI,  250 
Edeltannenzaphenbl,  250 
Elaoptene,  41 
ElaphTium  aloexylon,  402 
Elder  blossom  oil,  003 
Elecampane  oil,  070 
Elemi  oil,  400 
Elettaria  cardamomum,  315 

cardamomum.    White    et    Maton, 

316 
Empleurum  serrulatum,  457,  458 
Empyreumatic  oils,  18,  24,  35 
EnfleurHge  a  ffoid,  501 
Erasine,  254 

Erechthites  hieracifolia,  587 
Ericaceae,  220,  584 
Erigeron  canadensis,  668 

oil,  668 

Erythroxylaceae,  217,  453 
Erythroxylon  coca,  453 
EsdragonOl,  662 
EBels-Fenchel,  568 
Essence  d'absynthe,  684 

d'amandes  amSres,  430 

d'aneth,  578 

d'angelique,  570 


Essense  d'ase  fetide,  574 

d 'aspic,  607 

de  badiane,  353 

basilic,  650 

baume  de  copahu,  445 

baume  de  tolu,  448 

bergamotte,  473 

betula,  331 

bois  de  cedre,  276 

bois  de  Rhodes,  502 

rose,  582 

bois  de  aantal  dea  Indes  Oc- 
cident ales,  480 

bois  gulac,  453 

cajeput,  518 

calamus,  301 

^ camomille,  676 

camomille  romaine,  072 

cananga,  362 

canelle  de  Ceylon,  377 

canelle  de  Chine,  382 

cardamome,  315 

cascarille,  495 

— *- citron,  .466 

citronelle,  2B1 

cochlearia,  407 

coriandre,  641 

— — • cubebe,  322 

cumin,  544 

cypres,  269 

d' elemi,  400 

d'erigeron,  668 

d'eatragon,  682 

de  fenouil,  563 

fenouil  d'eau,  568 

feuilles  de  betel,  320 

feuilles  de  bueco,  457 

feuilles  de  cedre,  278 

feuilles  de  eeleri,  547 

feuilles  de  jaborandi,  457 

galanga,  312 

gaultheria.  585 

genie vre,  270 

geremiuro  dea  Indes,  281 

giroffe.  512 

graines  d'ombrette,  501 

d'hedeoma,  617 
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Essence  d'houblon,  336 

Essence  de  eerpentaire  du  Canada,  347 

d'houblon  d'Espagne,  022 

sombul,  576 

d'hysope,  818 

styrax,  418 

d'iris  concrete,  308 

tanaisie,  679 

de  kuro  moji.  404 

terebenthine  America  ine,  23t 

laurier,  402 

terebenthine  Pr&ncaise,  247 

— , laurier  cerise,  442 

thuya,  267 

lavande,  600 

thyme,  623 

ledon,  584 

tigea  de  girofle,  518 

licari,  482 

valeriane,  663 

limette,  477 

vetiver,  289 

linaloe,  492 

ylang-ylang,  362 

liveche,  560 

zedoire,  311 

made,  366 

Essences,  pine  needle,  258 

mandarines,  470 

Gstagnons,  428 

marjolaine,  621 

Ester  number,  193 

mastice,  496 

Esters,  174 

matico,  325 

Estragol,  561 

meligse,  616 

Eatragon  oil,  682 

menthe  crepue,  661 

Ethyl  alcohol,  127 

roenthe  poivree,  630 

as  adulterant,  200 

moutarde,  408 

camphor,  326 

niuscade,  366 

Eucalyptol,  see  cineol. 

inyrcia,  510 

Eucalyptus  amygdalina,  624,  530,  53!) 

myrrhe,  486 

baileyana,  532,  533 

—  myrte,  507 

bridges  iana,  536 

neroli,  480 

camphora,  540 

neroli  Portugal,  483 

— —  capitellata,  533,  534 

d'oliban,  489 

citriodora,  536,  537,  538 

d'orange  bigarade,  473 

cneorifolia,  525,  530 

d'orange  Portugal,  471 

corymbosa,  532 

de  patchouli,  656 

crebra,  533 

persil,  547 

dealbata,  537 

petit-grain,  484 

dawsoni,  540 

piinent,  500 

dextropinea,  536 

poivre,  320 

dlverei  color,  539 

pouliot,  Q66 

dumosa,  530 

racine  d'aunee,  670 

eugenioides,  533,  534 

romarin,  594 

fastigata,  533 

rote,  423 

nssilis,  538 

— rue,  455 

globulus,  524,  526 

i aantal,  338 

gonlocalyx,  525,  536,  539 

sassafras,  395 

gracilis,  539 

gauge,  612 

haemastoitm,  538 

eemen     contra     d'Amerique, 

hemiphloia,  533 

349 

incrassata,  526 

sentences  de  eeleri,  545 

laevopinea,  535,  536 

aerpelot,  628 

lehmanm,  538 

»,  Google 


7]  8  h 

Eucalyptus  leucoxylon,  535,  533 

longif  alia,  340 

loxophlcba,  535 

maei'orrhyncha,  533 

maculata,  530 

var.  citriodora,  537 

melliodora,  525 

microcorys,  533 

obliqua,  533,  534 

occidental  is,  540 

odorata,  525,  530 

Eucalyptus  oils,  524 

cineol  containing,  520 

citral  containing,  638 

citronellal  containing,  530 

with    peppermint-like    odor, 

538 

— with  indefinite  odor,  539 

Eucalyptus  oleosa,  530 

pauciflora,  540 

piperita.  624,  638 

planchoniana,  537 

polyanthema,  526 

populifera,  632 

,  punctata,  534,  535 

resinifera,  532 

risdonia,  533 

rostrata,  531 

s'ideroxylon,  525,  533 

stnithii,  530 

- — —  staigeriana,  538 

stuartiana,  640 

tereticomis,  540 

tereticomis  var.  brachyeoris,  534 

tesselaris,  540 

viminalia,  537 

Eudesmol,  530,  541 
Eugenia  acris,  510 

caryophyllata,  513 

Eugenol,  180 

assay,  510 

Eupatorium  foeniculaceum,  067 
Eupfcorbiaceae,  218,  406 
Euryangium  sumbul,  570 
Examination  of  oila,  184 

Fabiana  imbricata,  002 
Fatty  oils  as  adulterants,  201 


Faule  Heinz,  62 

Feldkummelbl,  623 
Feldthymianiil,  628 
FenchelholzOl,  306 
FenchelSI,  563 
Fenchene,  112 
Fenchone,  166 
Fennel,  Asia  Minor,  568 

Bitter,  667 

Dog,  667 

Indian,  667 

oil,  563 

Persian,  668 

Roman,  567 

Russian,  568 

Sicilian,  568 

'  Syrian,  568 

wild,  567 

water,  568 

Fenouil,  563 

d'eau,  568 

Fermentation  as   preliminary   t 

lation,  36 
Ferula  asa  foetida,  674 

galbanifl.ua,  575 

opoponax,  488 

rubricaulis,  575 

j  chair,  675 

sombul,  576,  667 

FeuerkrautSl,  587 
Feuilles  de  cedre,  278 
Feverbush,  405 
Feverfew,  678 
Fichtennadelel,  220,  258,  260 

from  Picea  excelsa,  260 

Siberian,  265 

Swedish,  262 

Fidschi  SandelholiSl,  345 
Fiji  aandelwood  oil,  346 
Finoechio  d'asino,  568 
Fire  weed,  587 
Pleabane,  668 
Florentine  flask,  70 
Florae  eassiae,  382,  300 
Foehre,  262 

Foeniculum  capillaceuin,  564 

duke,  566 

panmorium,  567 
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Foeniculum  piperitum,  568 

sinense,  353 

vulgare,  664 

Foenum  camelorum,  299 
Folia  eedri,  278 
Fractional  distillation,  44,  188 
-Frankincense,  489 
Purfurol,  157 

Fur  n  us  acediae,  62 
-Fusanus  apicatua,  345 

GagelOl,  331 
Galac,  bois,  453 
Galanga,  312 
Galangal  oil,  312 
Galbanum  oil,  575 
Galgantol,  312 
G  ali  pea  cuaparia,  459 

officinalis,  469 

Galipene,  460 
Galipol,  459 
-Galley  furnaces,  63 
Garden  cress,  406 

nasturtium,  452 

Garlic  oil,  hedge,  409 
Garlic  oil,  305 
Gaultherase,  495 
Gaultheria  fragrans,  539 

fragrant  issima,  589 

leucocarpa,  5B0 

procumbens,  332,  585 

punctata,  689 

Gaultherilene,  333 
Gaultherin,  333,  405,  534,  586 
Gebrannte  Waesser,  24 

Weine,  24 

Gemmage,  247 

a  morte,  247 

flemroe,  247 

Genepi  des  Alpes,  587 
Gen epi kraut,  587 
■GeniSvre,  270 
Genista  tridentata,  447 
Geraniaceae,  217,  449 
Geraniol,  131 
Geranium  des  Inden,  281 
Geranium,  East  Indian,  281 
inditum,  281 


Geranium  oil,  449 

,  Turkish,  281 

Geranium,  rose,  449 
Get  ah  rasamala,  421 
Gingembre,  313 
Gingergraeg  oil,  285 
Ginger  oil,  313 
— — ,  wild,  347 
Giroue,  512 

Glechoma  hederacea,  612 
Glucotropaeolin,  453 
Golden  rod,  668 
Gomenol,  522 
Graines  d'ambrette,  601 
Grains  of  paradise  oil,  318 
Gramineae,  213,  280 
Gran  a  moschata,  501 

paradiai,  318 

Grande),  248 
Grape  fruit,  480 
Grey  gum,  534,  535 

ivy,  612 

Grtlnminzi}!,  629,  652 
Guaiac  wood  oil,  453 
Guaiene,  126 
Guaiol,  148,  454 
GuajacholzOl,  453 
Guayana  laurel  oil,  394 
— -  linaloe  oil,  394 
Gliljag,  428 

Gum  ammoniac,  576 

-  blue,  526 

grey,  534,  535 

slaty,  540 

-  sweet,  420 

York,  536 

Gundermannkrautttl,  612 
Gurjun  balsam  oil,  503 

as  adulterant,  199 

Ilamamelidaceae,  182,  419 
Hanfol,  337 
Haselwurzdl,  346 
Hasoronto,  346 
Hedeoma  pulegioides,  617 
Hedge  garlic,  409 
Hedychium  coronarium,  312 
oil,  312 
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Ijelenin,  070 
Heliehrysuni  oil,  070 

stoecbas,  670 

Heliotropin,  157 

Helm,  55,  58 

Hemlock  needle  oil,  203 

spruce,  251 

tannennadelSl,  203 

Hemp  oil,  337 

Henna  oil,  507 
Heracleum  giganteum,  561 

uphondylium,  582 

Herba  matrieariae,  678 

sehoenanthi,  299 

equina nthi,  209 

Hibiscus  abelmoeehus,  501 
Hinoki  oil,  209 
Hopfeniil,  336 

Hop  oil,  336 
Horse,  mint,  015 

radish,  408 

Houblon,  336 

d'Espagne,  022 

HUbl's  iodine  method,  198 
lluile  aetherfie,  227 

blanche  de  choix  rectifies,  230 

flue  rectifiee,  236 

rectiflee,  230 

— —  volatile  de  cognac,  498 

-  de  li  de  vin,  498 

Humulene,  126 

H umu his  lupulus,  336 
Hundefeneheliil,  667 
Hungarian  water,  20,  34 
Hyawa  gum,  402 
Hydrocarbons,  112 
Hydrocuroinene,  545 
Hydrocyanic  acid,   182,  437,  443,   444, 
447 

assay,  441 

,  detection  of,  440 

Hydroquinone  ethyl  ether,  358 
Hydroxy  acetophenone,  062 
Hyeope,  618 

Hyssop  oil,  618 
Hyssopus  qmcinalis,  618 

Icica  heptaphylla,  402 


lllicium  an  i  satum,  353 

japonicum,  355 

parvtUorum,  690 

religiosum,  355,  362 

verum,  356,  690 

Imperatoria  ostruthium,  577 
Indian  hemp,  337 

Indigo  f era  galegoidea,  447 

lndigofera  oil,  447 

ludol,  502 

IngwerOl,  313 

Inula  helenium,  070  ' 

Iodine  addition  method,  192 

Iridaceae,  313,  307 

Iregenin,  310 

Iridic  acid,  310 

Iris  florentina,  308 

germanica,  308 

pallida,  308 

Irisi.il,  308 

Iron  bark,  533 
,  Irone,  310 
Iaoborneol,  111 

phloryl  eater,  688 

Impel,  618 

Iva  oil,  675 
Ivaol,  675 

JaborandibliltterM,  450 

Jaborandi,  false,  326 

Jaborandi  leaf  oil,  459 

Jasmal,  501 

Jasmone,  592 

Jasmin  him  grand  iflorum,  590 

Jasmin  oil,  590 
Juglandaceae,  214,  331 
Juglans  regia,  331 
Juncus  odoratus,  299 
Juniper,  270 

berry  oil,  270 

from  J.  phoenicea,  273 

from  J.  oxycedrus,  273 

camphor,  148,  272 

wood,  oil  of,  24,  272 

Juniper  us  communis,  270 

oxycedrus,  270,  273 

phoenicea,  273 

sabina,  273 

-  virginiana,  276,  278 
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KadeBl,  273 

Kaempheria81,  312 
Kaempheria  rotunda,  312 
Kamelgrasol,  209 
Ka  mil  lentil,  deu  laches,  670 

rOmisch,  672 

Kanokoso,  660 
Kapuzinerkresseno),  452 
Karmeliter  Geist,  34,  616 
KatzenminzOl,  612    . 
Kaju  ra&amala,  421 

lakka,  421 

Kerbeldl,  541 
Keaso,  666 

Kesso  root  oil,  666 
Kessowurzelitl,  666 
Kessyl  acetate,  667 

alcohol,  148,  667 

Ketones,  158 
Kiefer,  262 
KiefernadelM,  262 

English,  263 

German,  262 

Swedish,  262 

KieniSl,  226,.  254 

Finnish,  257 

German,  255 

Polish,  25H 

Russian,  256 

Swedish,  257 

Kiku  oil,  682 
KinchlorbeerCl,  442 
Knoblauch  <>l,  305 
Komakl,  301 
Krauncmiii7ijl,  651 
Kressenlil,  406 
Kretisch  DostenCl,  622 
KrummholzUl,  261 

K limine! ill,  550 
Kuromoji  oil,  404 

Labiatae,  220,  504 
Labrador  tea  oil,  584 
Lactones,  174 
Ladanum  oil,  505 

Liuiibic,  428 
Lumi  batu,  201 

oil,  2Q6 


LangpfefferSI,  322 
Lantana  camara,  504 
XJtrchennadelUl,  266 
Larch  needle  oil,  266 

turpentine  oil,  249 

Larix  cedrus,  279 

deeidua,  250,  266 

europa>a,  250 

sibirica,  265 

Larixolin,  234 
Latschenkieferol,  261 
Lauchhederichol,  400 
Lauraceae,  215,  377,  493 
Laurel  berry  oil,  403 
leaf  oil,  402 

oil  from  Guayana,  304 

,  mountain,  404 

Laurene,  403 

Laurier,  402 

cerise,  442 

Laurinic  aldehyde,  456 
Laurinic  acid,  403 
Lauroceraf  in,  443,  444 
Laurus  benzoin,  405 

camphora,  371 

nobilis,  403 

Lavande,  600 
Lavendelol,  600 
Lavender  camphor,  606 
Lavender  oil,  26,  600 
Lavatera  olbia,  057 
Lavandula  angustifolia,  600 

dentata,  611 

latifolia,  600,  007 

- — -  officinalis,  600 
pedunculata,  611 

spica,  600,  607 

— —  Htoechas,  007,  011 

vera,  800,  604 

-  vulgaris,  000 
Lawsonia  inermis,  507 
Lebanon  cedar  oil,  270 
Lebcnsbaum,  267 


Ledcn 


120 


Lcdone,  584 
Ledum  camphor 

Legfohre.  201 
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Leguniinosae,  '210,  445 
Lemon  camphor,  408 
LemongrasiSl,  285 
LemongrafB  oil,  285 
Lemon  oil,  465 
Lemonol,  132 
Lepidium  campestre,  406 

latifolium,  406 

ruderale,'  406 

——  sativum,  406 
levant  worm  seed,  683 
Levislicum  officinale,  569,  570 
Licareol,  128 


Lie 


i,492 


Liebstook  frllchte,  570 
Liebstock  kraut,  570 
LiebstockOl,  569 
Lie  de  vin,  653 
LignaloC-,  492 
Lignum  aloes,  492 

eedri,  276 

noridum,  396 

pavanum,  396 

— —  Rhodii,  502 

santali,  338 

xylomarathrnm,  366 

Ligust  icum  levint  icum,  569 
Likari,  493 

Liliaceae,  213,  304 
Lima  di  spagna,  478 

duleiu,  478 

Lime  oil,  477 
Limettblutterlil,  478 
Limette,  477 
Limettier  ordinaire,  478 
Limettdl,  477 
Limoeiro  bravo,  309 

-  domato,  369 


113 
Linaloe,  492 
Linaloe  oil,  482 

,  Guayana,  394 

Linalool,  128 

Linaluc.  402 

Linden  blossoms,  oil  of,  501 

LindenblOthenOl,  501 

Lindera  eericea,  404 

Lippia  citpodora,  593 


Liquidambar  altinga,  421 

orientate,  419 

styraeifluum,  420 

Liveche,  509 
Loblolly  pine,  242 
Loffelkrautol,  407 
Long-leaved  pine,  242 
Long  pepper,  oil  of,  322 
Lophanthua  anisatuB,  061 
LophanthiiB  oil,  661 
Lorbeerbeerenol,  403 
Lorbeei -blatterol,  402 
LorbeeHJl,  californisches,  404 
Lovage,  569 

Lyeopus  virgin  icua,  629 
Lythraceae,  219,  607 

Maccbina,  402 
Mace  oil,  366 
Magnoliaceae,  215,  353 
M&jorano),  621 
Malakarunnay,  460 
Male  fern  oil,  225 
Malvaceae,  218,  494 
Mana  pangiri,  291 

oil,  296 

Mandarine  no  el,  478 
Mandarin  oil,  478 
Mandelic  acid  nitrite,  440 
Marjorlaine,  021 
Marjoram,  sweet,  621 

Mas  soya  aromatic*,  405 

Massoy  bark  oil,  405 

Maasoyene,  405 

Maesoyrindenel,  405 

Maatice,  496 

Maatiche.  496 

Maatix  oil,  496 

Matico  camphor,  146,  320 

Matico  oil,  325 

Matricaria  chamomilla,  670 

parthenium,  078 

Maumen£'s  sulphuric  acid  teat,  192 
MeerrettigOI,  408 
MeisterwurESl,  577 
Melaleuca  acuminata,  523 

cajeputi,  618 

dccuBsata,  523 
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Melaleuca  eridfolia,  523 

-  genistifolia,  623 

leucadendron,  518 

var.  laneifolia,  523 

linarii folia,  523 


squarroaa,  523 

unoinata,  523 

viridiflora,  518,  522 

wilsonii,  624 

Meliaceae,  218,  494 
Melissa  officinalis,  lilli 
Melisse,   616 
MelisseniJl,  616 

Mentha  aquatica,  830,  652,  654 

arvensis,  630,  654 

var.  piperascenB,  629,  ( 

balsamica,  630 

(.'Hnadenaia,  630,  654 

var.  glabrata,  632 

crispa,  629,  630,  652 

oils,  629 

palustris,  830 

-  pulegium,  617,  655 

rubra,  630 


Bilvestrie,  629,  652 

viridis,  629,  652 

Men  the  basil  iquee,  649 

c  rep  ue,  651 

poivree,  630 

Menthene,  122 
Menthol,  145 

assay,  651 

Men  t  hone,  171 

assay,  651 

Mespilodaphne  pretiosa,  402 
Metanethc.il,  561 

Meth acrylic  acid,  673 

Methyl  alcohol,  128 

Methyl  chavicol,  179 

Methyl  heptenone,  158 

Methyl  nonyl  ketone,  456,  458,  479 

Methyl  number,  187 

Methyl  ortho  cumaric  aldehyde,  386 

Meum  athamanticum,  508 

Michel ia  chump  a  ca,  353 

longifolia,  353 


Michelia  nilagirica,  392 
Microtaena  cymosa,  656 
Mignonette  flower  oil,  418 

root  oil,  418 

Milfoil,  675 

Mineral  oil  as  adulterant,  201 
Mint,  Canadian,  653 
mountain,  661 

pepper,  630 

wild,  854 

Mohrenkopf,  54,  58 
Mohrenol,  583 
Monarda  didyraa,  616 

flstulosa,  615 

punctata,  615 

Monatomic  series  of  terpeoea,  46 
Monimiaceae,  215,  368 
Mouotropa  hypopitys,  584 
Moraceae,  214,  338 
MoBcnuBkSrnerSl,  601 
MoachuswurzelSl,  578 

Mob)  it  japonica,  660 
MosoilblttthenUl,  365 
Motiya,  282 
Mountain  laurel  oil,  404 

mint  oil,  681 

Moutarde,  409 
Muscade,  366 
MuBcatnussol,  366 
Muskateller  Salbei,  614 
Mustard  oila,  182 

oil,  black,  409 

■* white,  416 

MutterkrautOl,  678 

Myrcene,  511 

Myrcia  asplenifolia,  331 

—  cerifera,  331 

-  gale,  331 
Myricaceae,  214,  331 
Myrietica  fragranB,  366 

—  moschata,  368 

-  officinalis,  366 
Myristicaceae,  215,  368 
Myristkin,  368 
Myristicol,  367 
Myristic  acid,  310,  368 

methyl  ester,  310 

Myro carpus  fastiglatus,  447 
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Myronate  of  potassium,  410 
Myroxylon  peruiferum,  449 
Myrrh  oil,  486 
MyrrhcnBl,  486 
Myrtaceae,  219,  507 
Myrtenol,  507 
Myrtle  oil,  507 

Dutch,  331 

Myrtol,  508 

My  it  us  cheken,  508 
communis,  507 

Kapha,  480 

Nardostachys  grandiflora,  687 

jatamanei,  578,  867 

Nasturtium,  garden,  452 
- — —  officinale,  417 
Nectandra  caparrapi,  394 

puchury,  393 

Negra  mina,  369 
Nelkencassie,  393 
Nelkcnholz,  393 
Nelkenol,  512 

Ketkeurinde,  393 
Nelkensfiure,  512 
Nelkenstielol,  518 

Nelkfii7.imiat.iS],  393 

Nepeta  cataria,  012 

glechoma,  812 

Neroli,  480 

Neroli  camphor,  482 
Neroli  oil,  480 
Neroli  Portugal,  4S3 
Ngai-eamphor,  143,  669 

fen,  143,  669 

p'ien,  660 

Niaouli  oil,  522 

Nigel  la  damaseena,  352 

oil,  352 

~ —  sativa,  352 

Nitriles,  182 

Nitrogen -containing  oila,  182 

Norway  spruce,  280 

Nos  moecado  do  Brasil,  401 

Number,  acid,  193 

ester,  193 

iodine.  192 

methyl,  197 


Number,  saponification,  193 
Nuseflchte,  254 
Nutmeg  oil,  366 


Nu: 


moschata,  366 


Ocimum  basilicum,  659 

var.  pilosum,  657 

Ocoaotl,  420 

Ocotea  caudata,  394,  493 

- —  oil,  394 

Oculi  populi,  330 

Oenanthe  aquatica,  568 

■  phellandrium,  568 

Oil-containing  plants,  212 

Oils,  analysis  of,  98 

attempted  synthesis,  41 

bituminous,  35 

classification  by.  Dumas,  42 

constituents  of,  97 

containing  nitrogen,  182 

containing  sulphur,  182 

— —  empyreumatic,  18,  35 

known    to    Amaldus    Villanovua, 

Lullus,  Sto.  Amando  and  SaU- 
dinus  of  Aesculo,  20,  21 
known  up  to  1730,  32 

mentioned  in  Briinsch  wig's  Destii- 

lirbuch,  24 

Ryff's  Destillirbuch,  26 

the   Annotations    of   Cor- 

dus,28 
the  Dispensatorium  Not- 

icum,  34 
the    Thesaurus    of    Ges- 

ner,  28 

purification  of,  94 

i,  50 


01  ea  aerea,  28 
Oleaceae,  220,  590 
Oleflnie  camphors,  542 

sesquiterpenes,  123 

t«rpenes,  103 

Oleum  absynthii,  684 

amygdalaruni 

andropogonis  muricati,  289 

anisi  stellati,  353 


437 
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Oleum  anthem  id  io,  672 

aaari  cnnadensi,  347 

europaei,  346 

dulcis,  471 

llorum  dulif ,  483 

— —  balsami  eopaivae,  445 
tolutani,  448 

basilici,  659 

benedictinum  composition,  24 

bergamotlae,  473 

betulae  lentae,  331 

buceu  foliorum,  457 

cadinum,  273 

calami,  301 

eanangae,  362 

cardamomi,  315 

caacarillae,  495 

chamomillae,  676 


677 


-  ehenopodii  anthelmintic!,  3 


Zeylanici,  377 

-  citri,  405 

-  oitronellae,  291 

-  cochleariae,  407 

-  cubebarum,  322 

-  cupreaei,  269 

-  dracunculi,  082 

-  elemi,  490 

-  erigerontia,  668 

-  florura  aurantii,  480 

-  foliorum  betle,  326 

cedri,  278 

jaborandi,  459 

patchouli,  656 

-  galangae,  312 

-  tferanii  indicum,  281 

-  helenii,  670 

-  hum  ill  i  lupuli,  336 

-  iridis,  308 

-  juniper],  270 

-  kuromoji,  404 

-  ligni  eedri,  276 
guajaci,  453 


Oleum  ligui  aantali,  338 

sassafras,  396 

Umettae,  477 

linaloes,  402 

lauri  foliorum,  402 

laurinum,  403 

lauro  ceraai,  442 

macidia,  366 

mandarin  uc,  479 

masticis,  496 

matricuriae,  676 

Mentfcae,  630 

crispae,  651 

piperitae,  630 

pulegii,  655 

mirabile,  20 

— —  myrrhae,  486 

- — -  olibani,  489 
—7-  palmarosae,  281 

petit  grain,  484 

piperis,  320 

polemii,  630 

pulegii,  630,  655 

radicis  helenii,  670 


423 
vernm,  424 

-  roaatum,  423 

-  rutae,  455 

-  aabinae,  273 

-  aantali  ex  India  Occidentals,  486 

-  nerpylli,  628 


-  styra 


I,  410 
i,  B70 


tanacet 

terebinth inae 

gallicum,  247 

thujae,  267 

thuria,  480 

Valerianae,  863 

vini,  38 

-wittnebianum,  519 

zedoariae,  311 

Olibene,  492 
Ornam.  557 
Omum  water,  557 
Onion  oil,  306 


byGoogle 


Oponal,  489 

Opopanax  chironium,  488 

oil,  488 

Optical  rotation,  determination  of 
Orange,  bigarade,  473 

bitter,  473 

group  of  terpenea,  47 

Orangenblllthenol,  bitterea,  480 

susses,  483 

O range nschalenBl,  stlases,  471 
Orange,  Portugal,  471 

sweet,  471 

Oreodaphne  ealiforuica,  404 
Oreodaphnol,  527 
Origanum  hirtum,  022 

majorana,  821 

oil,  Smyrna,  623 

oil,  Trieste,  622 

smyrnaeum,  623 

vulgare,  020 

Orris  oil,  308 

Oemitis  bellidia  strum,  671 
Osmitopsie  asteriaeoides,  671 
Oemorrhiza  longiBtylis,  583 
Osterluzeitll,  340 
Ottonia  aniaum,  330 
Otto  of  rose,  423 
Oxides,  174 

Oxybenzyl  muatard  oil,  417 
Oxmyyriatic  acid,  304 

Pa  eon  i  a  moutan,  351 
Paeonol,  351 
Paint  oil,  234 
Palmae,  213,  300 
Falmarosa  oil,  281 
Palo  balsamo,  453 
Pandanaceae,  213,  270 
Pandanus  odoratissimus,  279 
- —  oil,  279 
Pappelknoapen&l,  330 
Paraeola  bark  oil,  370 
Paracotol,  370 
Parndieskcirner81,  318 
Para  oxybenzyl  mustard  oil,  417 
Paraley  leaf  oil,  549 

oil,  547 

root  oil,  549 


Parsley  seed  oil,  547 
Paschkia,  657 
Pastinaca  oil,  580 

Patchoulene,  12U 
Patchoulis),  656 
Patchouly  alcohol,  148,  658 

—  oil.  656 

Patent  turpentine,  234 
1'atrinia  jatamansi,  607 

acabioaaefolia,  066 


Pava: 


■,  395 


Pavonia  weldenii,  657 
Pelargonium  oil,  449 

apec.,  449 

Pennyroyal,  European,  635 
Pennyroyal  oil,  617 

Ruaaian,  655 

Pepper,  oil  of  black,  320 
Pepper  oil,  Japanese,  454 
Peppermint  oil,  030 

oil,  American,  633 

Bohemian,  030 

Chilian,  650 

_  English,  037,  840 

- —  —  French,  648 

■ —  German,  037,  048 

Italian,  040,  650 

— — Japanese,  636,  647 

Reunion,  650 

—  Russian,  640,  649 

Saxon,  648 

tree,  538 

brown,  530 

: white,  530 

Perpulut,  657 

Persea  caryophyllata,  393 

gratiaaima,  393 

Persil,  544,  549 
Peru  balsam  oil,  440 
Pestwurzelol,  688 
Petaaitea  officinalis,  088 
PetersilienblatterOI,  549 
PeterailieneamenOl,  547 
Petersilienwurselol,  549 
Petitgrain  citronnier,  485 
Fetitgrain  oil,  484 
Petroleum  aa  adulterant,  201,  234 
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Petroselinum  sativum,  547,  549 
Peucedanum  ammonia  cum,  576 

galbanifluum,  575 

grande,  581 

graveolens,  578 

officinale,  581 

oreoselinum,  577 

ostruthium,  677 

root  oil,  581 

rubricaule,  575 


schalr,  575 

spec.,  574 

Peumue  boldus,  368 
Pfefferkraut,  019 
PfeffenninzOl,  630 
PfefferBl,  320 
Phellandrene,  121 
Phellandrium  aquaticum,  568 
Phenol,  177 

determination,  197 

Phenols,  177 

Phenylethyl  mustard  oil,  418 

acetic  acid  nitrite,  452 

glycol  methylene  acetal,  581 

oxyaceto  nitrile,  443 

propionic  acid  nitrile,  417 

Phlogiston,  hypothetical  constituent  of 

oils,  58 
Phlorol  and  isobutyric  ether,  688 
Photoanethol,  561 
Physical   properties,  determination   of, 

185 
Picea  alba,  263 

excelsa,  254,  200 

nigra,  264 

vulgaris,  260 

Pichurim  bean  oil,  393 
Picrocrocin,  307 
Pilocarpus  jaborandi,  450 
Pimenta  acris,  510 
PimentablHtterOl,  506 
Pimenta  officinalis,  509 

oil,  509 

Pimpinella  anisum,  558 

nigra,  563 

root  oil,  563 

saxifraga,  563 


«.  727 

Pirn  pin  ell  wurzelol,  563 
Pinaceae,  212,  226 
Pinage,  247 
Pine,  Cuban,  242 

long-leaved,  242 

loblolly,  242 

needle  essences,  258 

needle  oils,  226,  258 

oil  from  Abies  alba,  259 

oil  from  Larix  decidua,  266 

oil  from  Picea  excelsa,  280 

oil  from  Pinus  montana,  261 

oil     from    Pinus    silvestris, 

282 
oil  from  hemlock  or  spruce, 

263 

oil  from  Picea  nigra,  264 

oil  from  balsam  fir,  284 

oil  from  Abies  siberica,  265 

oil  from  Pinus  cembra,  265 

rosemary,  242 

short -leaved,  242 

slash,  242 

southern  pitch,  242 

-  swamp,  242  ' 
Pinene,  45,  106 

Pine  tar  oils,  226,  254 

oil,  Finnish,  237 

German,  265 

Polish,  256 

Russian,  256 

Swedish,  257 

Pin  maritime,  247 
Pinol  hydrate,  227 
Pinus,  australis,  242,  246 

balsamea,  251 

-, —  cedrus,  279 

cembra,  265 

cubenBis,  242,  246 

echinata,  242 

glabra,  246 

heterophylla,  242 

jeffreyi,  246 

khasya,  253 


-  lai 


.,  248 


-  larix,  250 

-  ledebourii,  254,  265 

-  maritima,  247 
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Pinus  merkusii,  253 

mitia,  242 

montana,  201 

mughus,  261 

paluatris,  242,  246 

pieea,  252,  254 

pinaster,  247 

ponderosa,  254 

purailio,  261 

aabiniaiia,  254 

aibirica,  253 

eilveatria,  253,  254,  262 

-  taeda,  242 

Piper  a ngusti folium,  325 

betle,  327 

cluaii,  322 

cubeba,  322 

japonicum,  454 

longum,  322 

lowong,  324 

nielegueta,  318 

nigrum,  320 

offlcinarum,  322 

ovatum,  322 

Piperaeeae,  214,  320 
Pirolaceae,  220,  584 
Pistacia  lent  incus,  496 

terebinthut ,  228,  496  ■ 

Plants  containing  oils,  212 
Plecthranthus  iructicosus,  657 

patchouli,  656 

Pleopeltis  phymatodeB,  225 
Pogoatemon  comosua,  669 

patchouli,  656 

Poivrc,  320 
Poleifil,  655 

Amerikaniaches,  817 

Polygata  senega,  404 

spec.,  495 

Polygalaceae,  218,  494 
Polypodiaceae,  212,  225 
Polypodium  ptaymatodea,  225 
Polyterebene,  46 
Polyterpene,  46,  127 
Pomeranzenachalenul,  bitterei,  473 

Bttaaea,  471 

PompelmuBbl,  480 
Poplar  bud  oil,  330 


Populus  nigra,  330 
Porsehol,  584 

Potomorphe  umbellata,  330 
Pouliot,  055 
Price  ordinances,  22 
PrimelwurzeliSl,  590 
Primulaceae,  221,  590 
Primula  veris,  590 
Procesea  alia  spugna,  462 
Prunoideae,  437 
'  Prunus  amygdalue,  436 

armeniaca,  437 

■ eeraauf,  445 

domestics,  445 

laurocer&aua,  442 

padua,  445 

peraicn,  438,  444 

aerotina,  444 

apinoaa,  445 

virginiana,  444 

Ptychotis  ajowan,  557 
Pulegium  micranthum,  655 

vulgare,  655 

Pulegoue,  169 
Putchuc,  680 
1'ycnanjhenium  incanum,  661 

lanceolatum,  661 

linifolium,  661 

Pyrethrum  indicum,  682 

parthenium,  678 

Quandong,  344 
Quendelol,  62B 
Quipita  wood  oil,  691 

Radish  oil,  417 
Radix  Indica  Lopeziana,  460 
RainfarnSl,  670 
Ranunculace&e,  215,  351 
Raphanol,  417 
Raphanolid,  418. 
Raphanua  niger,  417 

sativus,  417 

Rasamala  wood  oil,  421 
Rautenlil,  455 
Receivers,  55,  70 
Receptacula,  55 

Red  cedar  wood  oil,  276 
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Refraction,  determination  of,  167 
ResedablUthenol,  418 
Resedaceae,  216,  418 
Reseda-Geraniol,  418 

odorata,  418 

Resedawurzelol,  418 
Resin  oil,  236 
Retinosperma  obtusa,  260 
Rettigol,  417 

Reuniol,  135,  431 

Rhizoma  zedoariae  mt undue,  312 

Rhodinal,  431 

Rhodinol,  132,  135,  431 

de  pelargonium,  431 

Rhodium  oil,  592 

Homa  r  in,  594 
Romero  santo,  611 
Romisches  Kanullenol,  672 
Roob  juniperi,  270 
Rosa  alba,  426 

caniim,  425 

centifolia,  426,  428,  430 

damascena,  425,  430 

gallica,  425 

Rosaceae,  216,  421- 
Rose  geranium,  449 
Rose  oil,  10,  21,  22,  423 

Bulgarian,  428 

German,  428 

Rose  water,  IB 
Rosemary  forest,  595 
Rosemary  oil,  22,  24,  594 
Rosenhut,  58,  62 
Rosengeraniol,  429 
RosenholzSl,  592 
Rosenol,  423 

Roseol,  431 

Rosin,  228 

Rosmarinol,  594 

Rosmarinus  officinalis,  594 

Rothtannennadelol,  254,  260 

Rubiaceae,  221,  662 

Rue  oil,  21,  455 

Ruku,  657 

Rutaceae,  216,  454 

Ruta  graveolens,  455 

Sabadilla  officinalis,  304 


fex.  72« 

SabadillasameuOl,  304 
Sabine,  273 
Sabinol,  274 
Sadebaumill,  273 
Safranol,  307 
Saffron  oil,  307 
Saf  rene,  400 
Safrol,  161,  400 
Sage  camphor,  612 
Sage  oil,  21,22,  612 
SalbeiOl,  612 
Salicaceae,  214,  330 
Salicylic  aldehyde,  157 
Salt,   hypothetical   constituent   of   oils, 
36 

combustible,  30 

volatile,  39 

Salvia  officinalis,  612 

sclarea,  614  . 

Salvrol,  613 
Salvone,  613 
Sambucus  nigra,  663 
Sandalwood,  16,  338,  486 

oil,  21,  338 

African,  345 

Australian,  344,  345 

East  Indian,  338 

Fiji,  345 

South  Australian,  344 

Swan  River,  345 

West  Australian,  345 

West  Indian,  486 

Sandarac  resin  oil,  267 
Sansho,  454 

Santa],  338,  486 
Santa]  camphor,  148 
Santalaceae,  214,  338,  466 
Santalal,  341 
Santalene,  126,  342 
Santalol.  148,  341 
Santalum  album,  338 

t-ygnorum,  ', 


344 


yasi,  345 

Saponification,  193,  202 

number,  193 

SappanbtatterSl,  448 

Sassafras,  black,  brown,  white,  392 
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Sassafras  leaf  oil,  401 

goesianum,  405 

officinale,  305,  401 

oil,  388 

artificial,  401 

Satureja  hortensis,  010 

montana,  010 

Sauge,  012 

Savin  oil,  273 

Saw  palmetto  oil,  300 

Schimmelia  oleifera,  480 

Sell  in  us  molle,  407 

oil,  407 

SchlangenwurzelOl,  canad  laches,  347 

virginigches,  348 

Schierlings  Tantte,  203 
Schwa  rzAcbtennadelSl,  204 
SchwarzkttromelOl,  352 
Schwarze  Tanne,  264 
Scorzetta  process,  402 
Scotch  flr,  263 

Scrape,  243 

Scraping  in  turpentine  orchard,  244 

Sedanolid,  547 

Sedanonic  acid  anhydride,  547 

Selasih  Mekak,  060 

Seleriebiatterai,  547 

Selerieaamenol,  545 

Semen  nbelmoechi,  601 

contra  d'Amerique,  340 

Semina  cardamom!  majoris,  316 
Senega  root  oil,  404 
Senegawurzeldl,  404 
Senffil,  400 

Senkiyu,  573 
Sequoia  gigantea,  260 

oil,  200 

Seronoa  serulata,  300 
Serpentaria,  346 
Serpentina,  18,  54,  55 
Serpolet,  628 
Serpyllum,  628 
Serronia  jaborandi,  330 
Sesquiterebene,  46 
Sesquiterpene,  46 

hydrates,  148 

Sesquiterpenes,  123 


Sliaddock,  480 

Shikimene,  362 

Shikimi,  362 

Shikimol,  362 

Short-leaved  yellow  pine,  242 

Siberian  oedar,  266 

SiluuBl,  506 

Silaus  pratensis,  666 

Silbertanne,  250 

Silver  top  stringy  bark,  536 

Sinalbin  mustard  oil,  416 

Sinapis  alba,  410 

juncea,  400 

nigra,  409 

Sinigrin,  412 
Sirih,  320 

Sisymbrium  alliaria,  409 
Slash  pine,  242 

Slaty  gum,  640 

Snake  root,  Canada,  347 

— —  Virginia,  348 

Solanace&e,  221,  602 
Soli  dago  canadensis,  668 

odora,  608 

rugosa,  668 

Solubility,  190 
Sonflya,  282 

Southern  pitch  pine,  242 
Spanish  HopfenOl,  622 
Spearmint  oil,  86 1 

Specific  gravity,  determination  of,  185 
SpeikOl,  667 

Sphaeranthus  indicus,  690 
Spice  bush,  405 

wood,  405 

Spik,  celtischer,  667 

lavendel,  607 

Spike  oil,  22,  25,  26,  607 
Spikenard,  607 
Spikoi.  607 

Spiraea  acutifolia,  422 


-  digitata,  422 

-  filipendula,  422 

-  japonica,  422 

-  laevigata,  422 

-  lobata,  422 

-  opulifolia,  422 
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Spiraea  sorbifolia,  422 

species,  586 

ulmaria,  421 

ulmifolia,  422 

Spiraea  oil,  421 

Spirit  of  turpentine,  239 

Spirit  us  melissae  comp.,  616 

rector,  34 

terebinthinae,  227 

Spoonwort,  407 
Spruce,  284 

Spruce-Tannennadelul,  203 
Spugna  process,  462 
Star  anise  oil,  353 

oil  from  leaves,  381 

oil,  Japanese,  302 

Stearoptene,  41 
Sternanisol,  353 
Stillingia  oil,  496 
Stillingia  silvatica,  400 
Stinkasant,  574 
Stipites  caryophyllorum,  518 
Stora.t,  American,  420 
Strasbourg  turpentine  oil,  252 
Stringy  bark,  633 

brown,  534 

white,  534 

silver  top,  630 

Styracin,  421 
Styrax,  419 

calamita,  419 

liquidus,  419,  420 

Styrocamphene,  420 

Styrene,  103,  419 

Succus  juniperi,  270 

Sulphides,  182 

Sulphur-containing  oils,  182 

Sulphur,   hypothetical   constituent,   35, 

38 
Sumatra  camphor,  502 
SumbulEkelti,57fl 

Hindi,  570 

Italieus,  576 

Kunif,  570 

oil,  576 

root  oil,  576 

SumbulwurselHl,  576 
Swamp  pine,  242 


Swan  river  sandal  wood,  345 
Sweet  anise,  583 

basil,  659 

birch,  331 

cicely,  583 

fern,  331 

gum,  420 

orange  oil,  471 

root,  583 

Sylvestrene,  118 

Tanacetone,  167,  613 
Tanacetum  bataamita,  681 

vulgare,  679 

Tanacetyl  hydride,  080 
Tanaisie,  079 
Tannenduft,  285 
Tansy,  679 
Tea,  Labrador,  58 4 
Templinol,  2S9 
Terebene,  45 
Terebangalene,  572 
Terebentene,  45,  40,  100 
Terebenthine  americaine,  230 

francaise,  247 

Terebinthina  americana,  239 


gallica,  247 

Tereeamphene,  45,  110 

Terpane,  175 

Terpene,  name  suggested  by  Kakule,  46 

alcohols,  664 

synthesis  by  Bouchardat,  47 

Terpenes,  cuui  ideation  by  Berthelot,  45 

by  Gladstone,  40 

by  Tilden,  47 

by  Wallach,  48 

constitution  of,  46 

Terpentindl,  see  turpentine  oil 
Terpil  Beries,  46 
Terpilene,  48 

Terpin  hydrate,  43,  47 

Terpinene,  119 

Terpineol,  139 

Testing  oils,  chemical  methods  of,  101 

Tetranthera,  californica,  404 

citrata,  405 

Teufelsdreck,  574 
Thea  chinensis,  501 


b.Google 


Theaeeae,  218,  501 
Thecal,  501 
Theoline,  254 


Thuja  Occident  alis,  267,  278 

oil,  267 

oriental^,  -.'fill 

root  oil,  269 

Thujnne,  107 
Thym,  OlM 
Thyme  oil,  618 

white  oil  of,  625,  626 

wild,  028 

Thymianiil,  623 
Thymol,  178 

assay,  627 

Thymus  capita  tin;,  029 

serpyllum,  628 

virginicus,  661 

vulgaris,  623 

Tiges  de  girofle,  518 
Til  in  spec.,  501 
Tiliaceae,  218,  501 
Toddalia  aculeata,  460 

oil,  460 

Tolu  balsam  oil,  448 
Toluifera  balsamum,  448 
Tricyclene,  108 
Triterpene,  127 
Tropaeolaceae,  217,  452 
Tropaeolum  majus,  452 
Tsuga  canadensis,  251,  263 
Turkish  geranium  oil,  281 
Turmertfl,  311 
Turners  spec.,  506 
Turneraceae.  218,  506 
Turpenteen,  234 
Turpentine,  American,  239 

camphor,  227 

farms,  242 

French,  247 

group  of  terpenes,  47 

Strassburg,  252 

Venetian.  249 

Turpentine  oil,  20,  22,  24,  38,  41, 

228 
American,  239 


Turpentine  oil  as  adulterant,  199 

Austrian,  248 

Burma,  253 

French,  247 

from  Canada  balsam,  251 

—  Picea.  excelsa,  254 

Pinus  sabiniana,  254 

Strassburg       turpentin« 

252 

Venetian  turpentine,  24' 

Galician,  249 

Russian,  253,  256 

oik,  patent,  234 

proper,  220 

Turpentyne,  234 

Udid.  282 

Umbelliferae,  219,  541 

Umbellol,  404 

Umbellularia  californioa,  404 

t'nonia  odorata,  363 

Urena  lobata,  657 

l.'vavia  odorata,  363 

Valerian,  (163 

oil,  663 

Mexican,  665 

Valerianaceae,  221,  663 
Valeriana  celtica,  667 

mexicana,  005 

officinalis,  663 

var,  angustifolia,  666 

Valerians,  663 

Valerianic  acid,  604 

Vanillin,  157 

VeilrlienwurzeUtl,  309 

Venetian  turpentine  oil,  249 

Venezuelan  camphor  wood  oil,  395 

Vera  trie  acid,  304 
I     Verbena  oil,  593 

i    triphylla,  5B3 

|     Verbenaeeae,  220,  593 


Ver 

Vervei 


i  des  Indes,  285 


Vettiver,  289 
Vinyl  sulphide,  307 
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Violette,  «B2 

Winterene,  362 

\  I'-it-i*'  -.  beurre  de,  308 

Wintergreen  oil,  585 

Virginia  soake  root,  348 

(Qaultheria),  585 

Vi:, ,.;..;   '   S,  498 

(sweet  birch),  331 

Vile*  trifulia.  o94 

Winter's  bark  oil,  362 

Vltii  vinifcra,  498 

Wintersrindenol,  362 

Volatile  salt,  39 

Wood  oil,  503 

Wormseed,  American,  349 

Wacholderbeerfil,  270 

Levant,  083 

von  Juniperua  oxycedrus,  273 

Wormwood  oil,  684 

von  Juniperua  phoenicea,  273 

Roman,  072 

Wachotderholztfl,  273 

Wurmfarnai,  225 

Waehsinyrtenul,  331 

Wurmsamenol,  amerikanisches,  349 

Walnut  gblil tterol,  331 

Wanderdestillirgerflthe,  67 
Waaserleuchelol,  508 

Xanthorrboea  has  tile,  305 

WasserminzOl,  054 

resin  oil,  305 

WasserachierlingSl,  549 
Water  cress  oil,  417 

Xanthoxylene,  455 

Xanthoxylum  hamiltonianum,  455 

fennel  oil,  568 

pi  peril  urn,  454 

hemlock,  American,  550 

— — European,  54B 

Yellow  grass  tree  gum,  305 

—  mint  oil,  654 

Ylang-ylang  camphor,  148 

Weihrauchol,  489 

oil,  362 

Weinbeeriil,  498 

York  gum,  535 

Weinfil.  498 

Y&op,  820 

Weisse  Tanne,  264 

Weisstanne,  259 

ZC-doire,  311 

Wei  ssdmm  till,  506 

Zedoaria  rotunda,  311 

Wellingtonia  gigantea,  260 

Zedoary,  311 

Wermutiil,  684 

ZimtbltttteriSI,  381 

White  cedar,  278 

Zimtbldthenol,  382 

peppermint  tree,  530 

Zimtel,  ehinesisches,  382 

spruce,  264 

japaniaehea,  391 

stringy  bark,  534 

ZimtwuvzelOl,  382 

Wild  bcrgamot  oil,  615 

Zingiber  officinale,  313 

cherry  bark  oil,  444 

Zingibcraceae,  213,  310 

ginger,  347 

Zirbelkiefernadel&I,  265 

lemon  tree,  369 

ZitwerwurzelBl,  311 

mint,  654 

Zwergkiefer,  261 

thyme,  362 

ZwiebelOl,  306 

Wildkirselienrindeniil,  444 

Zygophyllaeeae.  217,  453 
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